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PREFACE. 



'^ Thb City and Oailds of London Institate for the Advance- 
ment of Teclmical Education" having, in the year 1880, 
issued a programme of instruction in various subjects, upon 
the basis of the system so well developed by the Government 
Department of Science and Art, the author became enrolled 
as a teacher of Mechanical Engineering in connection with 
the Institute, and delivered a series of lectures in that 
subject at the City of London College. His efforts to render 
the course attractive and useful were fedrly successful, as he 
was able to. draw upon a very large collection of diagrams 
prepared for machine construction and other allied science 
subjects ; and these, supplying the ground work of the illus- 
trations, enabled him to devote some time to the preparation 
of others specially applicable to the circumstances of the 
case. However, the very abundance of the information 
proved in itself a drawback, as the majority of the students, 
coming totally unprepared by previous training for taking 
notes, and having but little aptitude for dealing with 
formulaa, or even for the classification of facts, were unable 
to assimilate the technical food placed before them. The 
first course of thirty lectures was illustrated by one hundred 
and fifty-five diagrams besides blackboard sketches, and yet 
embraced only the first four lines of the syllabus issued by 
the Committee, while so fitr from being exhaustive of that 
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portion of the subject, the anthor felt that he had merely 
been able to direct attention to some of the more important 
fjEMsts and principles. 

If students would give the matter a little consideration, it 
would be apparent to them that the teacher's work must of 
necessity be supplemented by a large amoimt of home work 
on their part If they could only be sufficiently impressed 
with the fact that science cannot be absorbed, but must 
be leamtf the labour of teaching would be considerably 
lightened. 

The present work may be described as an effort to write 
out a part of the student's notes for him, in the hope that he 
will thereby be enabled to give a more undivided attention 
to the illustrations and descriptions of mechanical details 
and operations put before him in the lectures. It is not 
intended in any way to supersede the ordinary text-books, 
but simply to supplement them in the form of a student's 
own notes, which should represent a summary of his reading 
and study. The notes are compiled from various sources ; in 
many cases the authority is given, in others the information 
is original or has been derived from sources of which no 
record has been kept. Although the text has been carefully 
read through, there are doubtless some errors which have 
escaped notice, and which the author will be glad to have 
pointed out. He will also be grateful for any suggestions 
from students or others with regard to increasing the 
ef&ciency of this as a Student's Note Book. 

60, Queen Victobia Street, E.G. 
1st October, 1883. 
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MECHANICAL ENGINEEKING. 



PART I.— SECTION I. 
FUNDAMENTAL PRINCIPLES OF MECHANICS. 

1. FoBOE Am) Matteb. 

Motion is change of place. 

Force is that which produces or destroys motion, or which 
tends to produce or destroy it. 

Matter is that which is the subject of motion or a tendency 
to motion. 

Forces in equilibrium are called pressures or reactions. 

Chravity is the attraction one body has for another, and, 
being proportional to the mass of the body, the attraction of 
the earth practically overwhelms all others. The direction 
of attraction is towards the centre of the mass, hence under 
the action of gravity all bodies tend to fall towards the 
centre of the earth. 

Centre of Gravity is that point in a body through which 
the resultant of the gravities of its parts passes, in every 
position the body can assume. 

B 
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AecelercUtng Farce of Qravity is the velocity imparted to 
bodies falling near the snrface of the earth, in lat. 45^ = 
32-169645 ft per sec., say 32-2 = g. 



2. Mass and Weight. 

Density is the quantity of matter in a unit of volome. 

Mass is the quantity of matter in a body of any yolome, 

/ W\ 

= density X magnitude ( also M = — j. 

Weight is the mass X force of gravity, which is only con- 
stant for one place, .*. W a M g. 

Work = weight X space passed through vertically, or 
pressure exerted x space passed through in any direction. 

Momentum = mass X velocity. 

Moving Force, or the moving quantity of a force, is the 
additional momentum which it communicates in each second 
to a body. 

3. WOBK AND EnEBOY. 

A unit of work is the power expended when a pressure of 
1 lb. is exerted through a space of 1 foot. 

A foot-pound is the measure of one unit of work. 

A horse-power is the exertion of 33,000 units of work or 
foot-lbs. in the period of 1 minute. 

Energy in mechanics means capacity for performing work, 
and is measured in foot-lbs. 

Potential energy is the product of the effort into the 
distance through which it is capable of acting. 

Actual energy, kinetic energy, or a>ccumulated work of a 
moving body is the product of the mass of the body into 
half the square of its velocity, or the weight of the body into 
the height from which it must fall to acquire its actual 

velocity = (^_ = -2^ j. 



ing the velocity attained ( -^ — j added to the work done 
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Via viva of a moving body is the product of the mass of 
the body into the square of its velocity, or doable the actual 

energy (wt;^ = j. 

4. Inebtia and Momentum. 

Inertia is resistance to communication of motion. 
Momentum is resistance to extinction of motion. 
They are equal to each other, and of opposite character. 
They are compared with Work by ascertaining h neces- 
sary to create the t; under action of g, and considering W as 

moved through A, giving result in foot-lbs. = -q.— • 

In calculating the power exerted in moving a load, as a 
truck on a railway, we have the inertia overcome in reach- 

\2g 

transporting the load through the space passed over ( W fx s). 
In coming to rest the inertia is given up again as momen- 
tum. The value of the momentum is irrespective of the 
distance in which the velocity was acquired; its effect 
depends entirely upon the distance in which it is expended. 

5. Equilibbitjm. 

May be stable, unstable, indifferent, or mixed. 

When a body is resting on another, in such a position that 
its centre of gravity is the lowest possible, it is in stable 
equilibrum : e. g. when vertically under the point upon 
which it is supported. When the highest possible, it is in 
unstable equilibrium: e.g. when vertically over point of 
support. When constant for any position, the equilibrium is 
indiflferent: e. g. a sphere. When stable with regard to 
movement in one direction, and unstable or indifferent with 
regard to another direction, it is said to be in a position of 
mixed equilibrium : e. g. a cylinder lying on its side. 

B 2 
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6. Units employed in Enoineebing Oaloulations. 

Dimensions in inches. 

Loads or forces in lbs. 

Stresses in lbs. per square inch. 

Fluid pressure in lbs. per square inch. 

Velocities and accelerations in feet per second. 

Mechanical work in foot-lbs. 

Speeds of rotation in revolutions per minute, or in angular 
velocity per second. 

Statical moments (as bending and twisting moments) in 
inch-lbs. — Unwinds Machine Design, 

7. Fbenoh Measubes. 

1 Metre or 1 m. = 3' 3|" 

1 Decimetre or 1 dm. (very seldom used) = 3{^" or nearly 
4 inches. 

1 Centimetre or 1 cm. or 1 c/m. = f ■^" or say |" full. 

1 Millimetre or 1 mm. or 1 m/m. = ^" or about ^th of 
an inch. 

Millimetres per metre X ' 012 = inches to 1 foot. 



PAKT I.— SECTION II. 

tHE PROPERTIES OF MATERIALS USED IN ME- 
CHANICAL ENGINEERINQ, WROUGHT IRON, STEEL, 
CAST IRON, BRASS, WOOD, ETC. 

8. Vabietibs op Ibon. 

Wroiight Iron, — Fibrous — Tough — Soft — ^Ductile at high 
temperatures, but not fluid— Welded at 1500'' or 1600° F.— 
Easily oxidised — ^Forged, hammered, or rolled to various 
shapes — Contains very little carbon. 

Steel, — ^Fibrous to granular — Containing small amount of 
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carbon may be welded, and with more carbon may be cast — 
Can be forged — Very tongh and strong — May be tempered — 
Special properties due to some extent to silicon — ^Used chiefly 
for tools. 

Cast Iron. — Crystalline— Brittle — ^Fluid at high tempera- 
tures — Takes complicated shapes by casting in a monld — 
Contains much carbon — The various qualities known as 
Nos. 1, 2, and 3. 

Colours to represent them upon drawings : — 

Wrought iron Blue (Prussian blue). 

Steel Purple (Violet carmine). 

Cast iron Grey (Payne's grey). 

9. Etfbot of Cabbon in Ibon. 



No. 


Name. 


Peroentage of 
Carbon. 


Properties. 


1 


Malleable iron 


0-25 


Is not sensibly hardened by sudden 
cooling. 


2 


Steely iron .. 


0-35 


Can be slightly hardened by 
quenching. 


3 


Steel .. .. 


0-50 


Gives spar^ with a flint when 
hardened. 


4 


» • • 


1-00 to 1-50 


Limits for steel of maximum hard- 
ness and tenacity. 


5 


» • • • • 


1-75 


Superior limit of welding steel. 


6 


» 


1-80 


Very hard cast steel, forging with 
great diflSculty. 


7 


n • • • • 


1-90 


Not malleable hot. 


8 


Cast iron 


2-00 


Lower limits of cast iron, cannot 
be hammered. 


9 


» • • • • 


6-00 


Highest carburetted compound ob- 
tainable. 



— Batierman. 



10. Common Obes of Ibon. 

Magnetic Oxide. 
Bed Hadmatite. 
Brown Heamatite. 
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Spathose iron ore, or iron glance. 
Clay Ironstone. 
Black Band Ironstone. 

11. Pig-Ibon. 

Hot-hldst and ColdMasl. — Named from the temperature of 
the blast nsed in smelting the ores. Hot-blast generally 
quicker and more economical, but the metal is not considered 
to be so strong. Difficult to distinguish the two varieties, 
but, other circumstances being equal, hot-blast iron has 
rather a finer grain, duller fracture, with sometimes patches 
of coarse grains, and usually more impurities. Increasing 
the blast or reducing the supply of fuel makes the iron 
whiter, harder, and less suitable for re-melting, but better 
for conversion into wrought iron or steel. 

12. Classipioation of Pig-Ibon. 

Bessemer Iron, — A variety of pig-iron made from hsBma- 
tite ores for conversion into steel, very free from impu- 
rities. 

Foundry Iron, — All pig-iron having grey fracture and 
large proportion of uncombined carbon, produced under high 
temperature and full supply of fuel. 

Forge Iron, — Wlute pig-iron, almost free from uncombined 
carbon, suitable for conversion into wrought iron, produced 
with low temperature or insufficient fuel, frequently run from 
blast furnace into iron moulds, rendering it brittle for ease 
in breaking up. 

13. Betzning 

Is a combination of chemical and mechanical processes by 
which pig-iron is deprived of its impurities previously to its 
conversion into wrought iron. 
Eefining consists simply of melting the pig-iron with coke 
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or charcoal in an open hearth or " refinery furnace," snpplied 
with an air blast so as to impinge on the melted metal and 
famish an oxidising atmosphere. This carries off a portion 
of the carbon, and at the same time removes a portion of the 
impurities, particularly silicon, in the shape of slag. The 
melted metal, having lost some of its carbon, is then poured 
into a cast-iron trough kept cold by water, and the sudden 
chilling 'has the effect of converting soft grey iron into hard 
silvery-white metal, the carbon which formerly existed in the 
shape of graphite entering into perfect chemical combination. 
By this change the fluidity of the iron is reduced, and the 
subsequent puddling process facilitated. 

The loss of weight in refining crude iron averages 10 per 
cent., and the weekly production of a refinery furnace is from 
80 to 160 tons. 

14. Puddling 

Is the process of obtaining wrought iron by burning the 
carbon out of cast iron. The oxygen of the air, at the high 
temperature employed, combines with the carbon to form 
carbonic oxide gas, which escapes. In hand-puddling the 
mass is stirred about until it is of sufGlcient tenacity to be 
lifted out of the furnace; in Banks' rotary furnace the 
revolution of the furnace effects the same as the hand 
labour. 

If the operation be stopped before the carbon is all 
removed, puddled steel is obtained. 

15. Qualities of Weought Iron. 

(a) Iron easily worked hot, and hard and strong when cold, 
used for rails. 

(h) Common iron, used for ships, bridges, and sometimes 
for shafting. 

(c) Single, double, and treble best iron, from Staffordshire 
and other parts where similar qualities are made. The single 



8 NOTES m MEOHANIOAL ENGINEEBINa. 

or double best is used for boilers. Double and treble best 
are used for forging. 

(d) Yorkshire iron, from Lowmoor, Bowling, or other forges 
where only fine qualities are made. The best Yorkshire iron 
is very reliable, and imiform in quality. It is used for tyres, 
for difficult forgings, for furnace plates exposed to great heat, 
for boiler plates which require flanging, &c, 

(e) Charcoal iron, very ductile and of best quality. 

— Unwinds Machine Design, 

16. Defects in Wrought Ibon. 

Cotd-shortness is produced by the presence of a small 
quantity of phosphorus as an impurity. The iron is brittle 
when cold, but of ordinary character when heated. It cracks 
if bent cold, but may be forged and welded at high tem- 
peratures. 

Bed-shortness is generally produced by the presence of 
sulphur, sometimes by arsenic, copper, and other impurities. 
The iron is tough when cold, but cannot be welded, and is 
difficult to forge at high temperatures. 

17. Case-hardening. 

When polished wrought iron is heated to a cherry red and 
placed in contact with broken prussiate of potash, scraps of 
leather, &c., the surface is converted into steel by absorption 
of carbon, and is then hardened by quenching in water. The 
nitrogen in the mixture is supposed to play an important 
part. 

Other nitrogenous matters, such as bone-dust, horn, hoof 
and hide clippings, are often used. If heated with the mix- 
ture in a close box, the effect is greater. The case-hardening 
may extend to a depth of about -^ inch. The surface shows 
a mottled appearance before re-polishing. 
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This method of iLardening is used largely for motion 
blocks, links, pins and eyes, and generally for small articles 
or porticms of them which have to stand much friction. It is 
cheaper than using steel, but the tendency of the articles to 
crack and twist is an objection. 

18. Yabieties of Steel. No. 1. 

Steel may be made by the addition of carbon to wrought 
iron, or the abstraction of carbon from cast iron; both 
methods are in use commercially. 

Blister Steel is produced by a process called cementation. 
Bars of purest wrought iron are placed in a furnace between 
layers of charcoal powder, and kept at a high temperature for 
from 5 to 14 days. The bars are now brittle, crystalline, 
and more or less covered with blisters. Small regular 
blisters and fine grain denote good quality. Used for facing 
hammers, &c., but not for edge tools; used largely for 
conversion into other kinds of steel. 

Spring Steel is blister steel heated to an orange-red colour, 
and rolled or hammered. 

19. Yabieties of Steel. No. 2. 

Shear Steel is blister steel cut into short lengths, piled 
into fiftggots, sprinkled with sand and borax, and placed at 
welding heat under a tilt hammer. " Single " and " double " 
shear steel denotes the number of times this process is re- 
peated. Fibrous character now restored. Used for large 
knives, scythes, plane irons, shears, &c., frequently in con- 
junction with iron. 

Crucible Oast Steel, — Originally made by melting fragments 
of blister steel in covered fireclay crucibles, and running 
into iron moulds. Now generally made direct from Swedish 
bars cut up and placed in crucibles, with small quantity of 
charcoal, with subsequent addition of spiegeleisen or oxide of 
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This method of burdening is need largely for motion 
blocks, links, pins and ejes, and generally for amall articles 
or portions of them which have to stand mncfa friction. It IB 
cheaper than using steal, but the tendency of tho articles to 
crack and twist is an objection. 



18. Varibtmb of Stbel. No, 1, 
Steel may be made by tho addition of carbon to wronght 
iron, or the abstraction of carbon from cast iron ; both 
methods are in use commerciBlIy. 

Blister Steel is produced by a proceBs called cementation. 
Bars of purest wrought iron are placed in a furnace between 
layers of charcoal powder, and kept at a high tomporature for 
from 6 to 14 days. The bars are now brittle, crystalline, 
and more or less covered with blisters. Small regiilar 
blisters and fine grain denote good quality. Used for &cing 
iammers, &c., but not for edge took ; used largely for 
conversion into othor kinds of stoel. 

g Steel is blister steel heated to an orange-red colour 
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manganese. Variations on this process are known as Heath's 
and Moshet's, also Tungsten steel, Chrome steel, &c. Forged 
at low heat, unweldable, fracture grey, crystals very minute. 

20. Varibtibs of Steel. No. 3. 

Bessemer Steel, — Made from grey pig-iron containing a 
large proportion of free carbon, small quantity of silicon and 
manganese, free from sulphur and phosphorus. Iron melted 
in cupola, and run into a converter lined with fire-brick 
and suspended on hollow trunnions. Air blown through the 
metal about twenty minutes, removing all carbon ; 5 to 10 
per cent, spiegeleisen then added, and blowing resumed long 
enough to incorporate the two metals. Steel then run out 
into ladle and moulds. Ingots being porous are reheated 
and put under steam hammer, then rolled or worked as re- 
quired. Used for rails, tyres, common cutlery and tools, 
roofs, bridges, &c. 

Siemens Steel, — Pig-iron melted on furnace hearth ; good 
ore and limestone are then added and heat kept up, process 
resulting in carbonic acid gas, slag, and steel. 

21. Vabieties of Steel. No. 4. 

Siemens-Martin Steel, — ^Pig-iron melted in furnace, three 
or four times its weight of heated wrought-iron scrap or 
steel added, together with spiegeleisen or ferro-manganese, 
until required proportion of carbon, &c., is obtained, to give 
steel of requisite hardness ; then run into ingot moulds. 

Landore-Siemens Steel, — Iron ore is treated in a rotatory 
furnace with carbonaceous material, and converted into balls 
of malleable iron, which are transferred direct to steel-melting 
furnace. Spiegeleisen, &c., then added. The result is steel 
of very ductile quality, dense, and uniform in texture, and 
particularly suitable for replacing wrought-iron where in- 
creased strength is required, in addition to all the best 
properties of wrought iron. 
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22. Dannemoba Cast Steel. 



Carbon. 


Temper. 


Tools suited for 


Remarks. 


percent 


Bazoi 


Taming and planing, drills. 


Great skill required 






&c. 


in forging, spoilt 
if overheated. 


H 


TumiDg 


Turning, planing, and slotting 


Not weldable. 




tooL 


tools, drills, small cutters, 
and taps. 




H 


Punch 


Mill picks, circular cutters, 


May be welded with 


o 




taps, rimers, small shear- 


great care. 






blades, large turning-tools 








and drills, punches, and 








screwing dies. 




1 


Chisel 


Cold chisels, hot setts, medium- 
size shear-bladeB, large 
punches, large taps, miners* 
drills for granite. 


Will weld with care. 


5 


Sett 


Cold setta, minting dies, large 


Will weld without 


D 




shear-blades, miners' drills; 


difficulty. 






smiths' tools, as sett ham- 








mers, swages, flatteners. 








fullers, &c. 




i 


Die 


Boiler-cups, snaps, hammers, 
stamping and pressino: dies, 
welding steel for plane-irons, 
&c. 


Will weld like iron. 



23. Notes on Cast Ibon. 

Stronger in compression than wrought iron, but much 
weaker in tension. Not so safe as wrought iron when sub- 
jected to impact or suddenly applied loads. 

Used for complex parts of machines, because easier to 
mould in casting than wrought iron in forging. Principally 
for wheels, bed-plates, and framings. 

If thickness of different parts varies much, the castings 
will be strained in cooling. All edges should be well 
rounded and hollows filleted. 

Expands at moment of solidification in casting, but con- 
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tracts in cooling. Contraction varies with size and thickness 
of casting, and quality of metal. 

24. Qualities of Cast Ibon. 

No. 1. Orey. — Soft. Deficient in strength. Used for 
ordinary castings. Very fluid when melted. 0*6 to 1*5 
per cent, carbon chemically combined, 2*9 to 3*7 per cent, 
mechanically combined. 

No. 2. Mottled, — Variable hardness. Stronger than No. 1. 
Used for larger castings. More carbon chemically com- 
bined, and less mechanically. 

No. 3. White. — Hard. Fusible. Strong. Used for con- 
version into wrought iron. 3 to 5 per cent, of carbon all 
chemically combined. 

These varieties are mixed in various proportions for 
special purposes. — TJnmn*8 Machine Design. 

25. Chilled and Malleable Cast Ibon. 

Chilled Cast Iron is ordinary cast iron rapidly cooled 
during solidification, by using a solid cast-iron mould pro- 
tected by a wash of loam, causing a chemical combination of 
the molten iron and carbon. Very hard. Fracture silvery. 
Direction of crystallisation strongly marked. 

Malleable Cast Iron is made by heating ordinary castings 
from two to forty hours, according to size, in contact with 
oxide of iron or powdered red haamatite, causing partial 
conversion into wrought iron by abstraction of carbon. 

26. Toughened Cast Ibon. 

Toughened cast iron is produced by adding to the cast 
iron, and melting amongst it, from one-fourth to one-seventh 
of its weight of wrought-iron scrap, which removes some of 
the carbon from the cast iron, and causes an approximation 
to steel. — Notes on Building Construction^ iii. 252. 
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27. Copper. 

Very malleable, and hence specially suited for hanunering 
into thin hemispherical pans, rolling into sheets, &c., also 
ductile to a less degree. Eendered brittle by absorption of 
carbon, refined and toughened during manufacture, but may 
be spoilt again by careless manipulation. May be oast. 
Can be forged cold, or at red heat, but rapidly scales when 
hot. Addition of 2 to 4 per cent, of phosphorus improves 
its fluidity and tenacity. Used for fire-boxes, &c., because it 
is a good conductor of heat, but loses tenacity in proportion 
to its temperature. Much used in forming alloys. 

28. Alloys. 

Bronze is a mixture of (say) 10 copper, 1 tin. 

Brass is a mixture of (say) 2 copper, 1 zinc. 

€hin~Metal is a mixture of copper, tin and zinc in yarious 
proportions, according to the hardness or toughness required : 
say 16 copper, 2 tin, 1 zinc. May be also called bronze. 

MuntZ'Metal is a mixture of 3 copper, 2 zinc, and is there- 
fore a brass. 

29. Effect of Allotino with Coppeb. 

Tin increases the hardness, and whitens the colour 
through yarious shades of red, yellow, and grey. 

Zinc in small quantity increases fusibility without reduc- 
ing the hardness, in greater quantity increases malleability 
when cold, but entirely prevents forging when hot. 

Lead increases the ductility of brass, and makes alloy 
more suitable for turning, filing, &c. ; in large quantity 
causes brittleness. 

Pho»p7u)ru8 increases the fluidity and tenacity, reduces the 
effect of the atmosphere, and allows of tempering. 
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80. Bbonze Allots. 



Name. 



Soft gun- metal 

Mathematical instruments 

Pumps (very tough) 

Sm all toothed wheels 

Locomotive bearings 

Engine bearings 

Locomotive straps and glands . . 
Hard gun-metal for bes^ngs 

Baily's metal 

G. M. for heavy bearings 

Maximum hardness for bearings 

Hydraulic valve fieuses 

Bell metal 

Speculum metal 



Copper. 


Tin. 


16 


1 


12 


1 


32 


3 


10 


1 


64 


7 


112 


13 


130 


16 


8 


1 


32 


5 


32 


5 


5 


1 


4 


1 


4 or 3 


1 


2 


1 



Zinc. 



1 

■ • 

1 



2 
1 



31. Brass Allots. 



Name. 


Copper. 


Zinc. 


Tin. 


Lead. 


Tough for engine work 
For turning and fitting 

Yellow brass 

Stop cocks and valves . . 
Flanges for brazing 
Brass for soldering 

Brass, various 

Muntz-metal sheathing 

Do. locomotive tubes . . 
Nails for sheathing 

Statuary bronze 

Bed sheet brass 


100 
3 
2 

88 
32 

8 
60-92 

3 
66 
87 
90 
11 


15 

1 

1 
10 

1 

3 
8-40 

2 
33 

4 

5 

2 


15 

• • 

• • 

2 

• • 

J-3 , 

• • 

9 
2 

•• 


• • 

■ • 

1 

• • 

i-3 

• • 

1 

• • 

• • 

■ • 



32. Antimont Allots. 



Name. 


Copper. 


Tin. 


Lead. 


Antimony. 


Bismuth. 


Babbitt's metal .. 


1 


10 


• • 


1 


• • 


Do 


1 


24 


• • 


2 


■ • 


Expanding alloy . . 


• • 


• • 


• • 


2 


1 


Pewter 


• • 


100 


• • 


17 


• • 


Type metal . . 


• • 


• • 


3to7 


1 


• • 


White brass .. 


1 


• • 


7 


7 


• « 


Do 


3 


90 


• • 


7 


• • 
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33. Vabious Alloys. 



Name. 


Copper. 


Tin. 


Zinc. 


VarioQs. 


Pot or cock metal . . 
Gowper's metal 
Aluminium bronze 
Sterro-metal .. .. 
Gedge's metal 


5 

• • 

90 
60 
60 


■ • 
2 

• • 

2 


• • 

• • 

• • 

35 
38-2 


2 lead. 

1 bismuth. 
10 aluminium. 

3 wrought iron. 
1*8 tt »» 



34. Meltzng points of vabious Metals. 

Wrought iron „ .. .. .. 3250° Fahr. 

Steel 3260 

Cast iron 2750 

Copper .. .. 2000 

Gun-metal 1900 

Yellow brass 1850 

Aluminium 1800 

Antimony 810 

Zinc 770 

Lead 620 

Bismuth 500 

Tin 440 



35. Weight of various Metals in pounds. 



Name. 



Gold .. .. 
Lead . . . . 
Copper 
Gun metal . . 
Brass . . 
Muntz metal 
Steel . . . . 
Wrought iron 
Tin .... 



Cast iron . 
Zinc . . 
Aluminium 



Cabic inch. 



70 
41 
32 
'31 
'30 
•29 
-28 
•28 
•26 
'26 
•25 
•09 



Cubic foot. 



1203 
710 
555 
530 
525 
510 
490 
480 
460 
450 
435 
160 
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36. Use of Wood in Enginebbino. 

Pattern-making. — American yellow pine, New Zealand 
pine, mahogany, alder, sycamore. 

Bearings.— Ugavm vit». 

Brake Blocks. — ^Willow, poplar. 

Buffer Beams. — Oak. 

Floats for Paddle-wJieels. — Willow, American elm, English 
elm. 

Wheel Teeth. — Hornbeam, beech, holly, apple, oak if in 
damp place. 

Sluice Paddles. — Oak, greenheart. 

Joiners* Tools. — Beech, box. 

Shafts and Springs. — Ash, hickory, lancewood. 

Ordinary framing, piling, dec. — Yellow deaL 

Oarriage^ilding. — Teak. 

Fender and Bulbing pieces. — American elm. 

37. Fib, Deal, and Pine. 

Fir is a general term for wood used in the rough, as 
distinguished from « 

Dealy a general term for wood wrought and used by the 
joiner. 

Pine is another general term used for even grained stuff 
suitable for panels. Also for pitch pine. 

Tellow deal and red deal are botanically classed as pine. 

White deal and spruce deal are botanically classed as fir. 

Deal is not a botanical term. 

Flanks, deals, and battens, are trade terms for boards of 
certain widths, viz., planks 11 inches, deals 9 inches, battens 
4i to 7 inches. 
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PABT L— SECTION HI. 

ITHE BEHAVIOUR OF MATERIALS UNDER STRAIN; 
THE STRENGTH OF BEAMS, SHAFTS, BRACKETS, 
ETC. 

38. Classification of Strains. 

Tension Stretching or pulling. 

Com^ession Cmshing or pushing. 

Transverse Strain .. .. Cross strain or bending. 

Torsion Twisting or wrenching. 

^ . (Cutting, or when acting along 

I the grain of timber, detrusion. 

89. Definitions of Stbain and Stress. 

Strain, — ^Every load which acts on a structure produces a 
change of form, which is termed the strain due to the load. 
The strain may be temporary or permanent, the former dis- 
appearing when the load is removed, the latter remaining as 
permanent set. 

Stress.— ^he molecular forces, or forces acting within the 
material of a structure, which are called into play by external 
forces, and which resist its deformation, are termed stresses. 
— Unwinds Machine Design, 

40. Testing Wbought Iron.* 

The strength of a bar should be measured by the work 
done in producing rupture, i.e. the product of the elongation 
into the mean stress. A convenient approximation to relative 
toughness is obtained by observing the maximum stress and 
the elongation in a given length. The length formerly 
taken was 8 inches, but 6^ inches is now usually adopted, so 
that the increase of length in sixteenths of an inch will 

* See leaflet by the author on * The Behaviour of Materials under 
Strain.' 
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represent the elongation per cent. The elongation being 
principally local, the percentage specified for a length of 
8 inches X m or 1 • 28, will give the proper percentage for 
a length of 6 inches. 

41. Factor of Safety 

Is an amount fixed by practical experience, varying with 
the material used, and the manner of using. It is the ratio 
of the greatest safe stress to the ultimate resistance of 
the material, such as ^, y^^ &c., and the calculated resistiance 
of any section multiplied by the factor of safety suitable to 
the circumstances, will give the safe working load. 

42. Pboof Stbbngth. 

It was formerly supposed that the proof strength of 
any material was the utmost strength consistent with perfect 
elasticity ; that is, the utmost stress which does not produce 
a permanent set, Mr. Hodgkinson, however, has proved that 
a set is produced in many cases by a stress perfectly consist- 
ent with safety. The determination of proof strength by ex- 
periment is now, therefore, a matter of some obscurity ; but it 
may be considered that the best test known is, the not producing 
an increasing set by repeated application. — Banhine*s Applied 
Mechanics, 

43. Moments of Tbansvebse Stbength. 

Moment of Load is the load multiplied by its effective 
leverage at the point required. The moment of a load 
divided by the depth of beam will give the horizontal strain 
on the extreme fibres in its upper and low^r sides. 

Moment of Beslstance in a beam is proportional to the 
area of the fibres multiplied by the squares of their 
distances from the neutral axis. 

Moment of Inertia is the sum of the moments of resistance 
in any given section. — Hurst, 



KOTES m HEOHANIOAIi ENGINEEBIKa. 



19 



44. Usual Allowakoe fob Dead Load peb Squabb Inoh 

Sectional Abba. 



Weought Iboh — 

Tension.. 

CJompression.. 
Cast Ibon — 

Tension.. 

Compression.. 
Stkbl — 

Tension.. 

C!ompre^ion.. 



Breaking Strain. 



22 tons 
18 



7 
42 

35 

50 



n 
n 



Safe Load. 



5 tons. 
4 



»> 



7* .. 



8 
12 






45. Safe Load on Stbuotubes. 



Cast-iron colnnms 
Oast-iron girders for tanks 
Wrought-iron structures 
Cast-iron for bridges and floors = ^ 
Stone and bricks = \ 

Timber = ^ 



= i breaking weight 



j> 



>j 



>» 



— Molesworih. 



46. Safe Load on Floobs. 

Cburcbes and public buildings, 1^ cwt. per square foot 

Warehouses 2^ „ „ 

Dwelling houses 1^ „ „ 



47. WEiaHT OF Men in Ceowds. 

Mr. Cowper found by experiment that a number of men 
averaged 140 lbs. per square foot. 

Mr. Parsey considers that men packed closely would weigh 
at least 112 lbs. per square foot, but that in ordinary crowds 
80 lbs. might be taken as sufficient. 

On the continent it is not usual to estimate so high. 

2 
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Belgians weigh about 140 lbs. each, Frenchmen 136 lbs., 
while Englishmen weigh 150 lbs. 

Mr. F. Toung states 80 lbs. per square foot is quite safe in 
practice. 

Mr. Thomas Page packed picked men on a weighbridge 
with a result of 84 lbs. per foot super. 

Mr. Greorge Gordon Page says that for troops on march 
35jI lbs. per square foot is sufficient. 

The usual practice is to assume the live load as 100 lbs. per 
square foot. — A. T. Walmisley, 



48. Approximate Safe Load on Columns and Piers. 

Oak post up to 10 diameters long, ^^ tons per sq. in. 

Fir „ 
Cast-iron column ) 



» 



jj 



2 
TIT 



>j 



>j 



or stanchion ) 


j> 


Do. 


10 to 15 


Do. 


15 to 20 


Do. 


20 to 25 


Do. 


26 to 30 



:> 



» 



JJ 



J» 



J> 



Hard York or Portland stone piers 
Stock brick in cement (if covered with) 

stone template j 

„ „ (without do.).. 



4 
3 
2 

n 

12 

6 
4 



» 

99 
99 



99 



99 



>J 



99 



99 



foot super. 



99 



99 



49. Weight of Materials for Estimating. 



Wrought iron 

Cast iron 

Gun metal 

Lead .. 

Greenheart . 

Oak .. 

Fir .. 

Granite 

Bramley Fall and Hard York 



480 lbs. per cub. ft. 

450 

525 

700 

60 

50 

40 
160 
140 



99 
99 
99 
99 
9) 
99 
9> 
99 



9» 
99 

99 
99 
99 
99 
9» 
99 
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50. Spboifioation Tests of Cast Ibov. 
(Bbidos and Gikdsb Work.) 

Three bars cast in dry mould from each melting, 3 feet 6 
inches long, 2 inches deep, 1 inch wide ; 3 feet between bear- 
ings, to break with average of 80 cwt in centre, or minimum of 
28 cwt., and to deflect not less than ^" with load of 25 cwt. 

Samples prepared in lathe to bear 2^ tons per sqoare inch 
tensile strain before loss of elasticity, and to break with not 
less than 7 tons per square inch. 

51. Spboifioation Tests of Wbought Ibon (Bbidge and 

GiBDEB Wobk). 





Tons 


Elongation* 


Contraction 


ClMB. 


per sqoare inch, 
Tenflile Strength. 


per cent, at 


per cent, at 




Twenty Tons. 


Point of Fracture. 


Rivet iron 


25 


10 


30 


Bod and bar iron .. .. 


24 


7J 


20 


Angle and tee iron .. 


22 


6 


15 


Plates, with grain .. 


21 


4i 


10 


Plates, across grain .. 


18 


• • 


5 



* In a length of 8 inches. 

52. Spboifioation Tbsts of Wbought Ibon (Shipbttildino). 





Tons 


Elongation* 




CUmb. 


per square inch, 
Tensile Strength. 


percent. 


Toughness.! 




on Fracture. 




Bivetiron 


26 


25 


650 


Bod and bar iron 


24 


15 


360 


Angle and tee iron .. 


22 


12J 


275 


Plates, with grain .. .. 


20 


n 


150 


Plates, across grain .. .. 


19 


6 


114 



* In a length of H inches. 

f Should me actual elongation in sixteenths of an inch, multiplied by the stress in 
tons per square inch, upon rupture, be more than 10 per cent, under the amounts given 
in the last column, the iron will be rejected. 

Cold hending in vice — J-inch plate 35*^, f -inch plate 55°, 
^inch plate 63°, ^inch plate 70°, rivet iron to double close, 
without cracking. 
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53. DEsiGNiNa Wbought Ibonwobe. 

Limits of ordinary prices, Staffordshire district. 

Plates.— Weight 5 cwt., length 15 feei^ width 4 feet, 30 
feet super, shape regular. 

Angle and Tee Irons, — ^Length 40 feet, size 2^ inches by 
2^ by 14^ up to 8 united inches. 

Bars. — (Round and square), diameter ^ inch to 3 inches, 
length 25 feet. 

Bars. — (Flat), size 1 inch by ^ inch up to 6 inches by 
1 inch, length 25 feet. 

Clsteland Distsiot. 

P2a/e8.— Weight 12 cwt., length 21 feet, width 4 feet 
6 inches, shape regular. 



53*. OOMPABATIYB STRENGTH OF IbON AND StBEL FlATBS. 





UHimate Tensile Strength. 


Elongation per cent. 


Qoaliiy. 


With Grain. 


Acroes Grain. 


With Grain. 


Across Grain. 


Mild Bteel 
Beet Yorkshire 
B. B. Staffordshire 
B. „ 


.SO 
24 
22 
20 


28 
22 
19 
18 


20 

12 

9 

6 


18 

7i 
5 

2* 



54. Ultimate Strength of yabious Metals and Allots. 



Name. 



. * • * 



Aluminium bronze 
Phosphor bronze 

Muntz metal 

Malleable cast iron 
Copper (sheet and bolt) 
Copper (cast) ., 

Gun metal 

Brass 

Cast lead 

Zinc 

Tin 



Tension, 
Tons per sq. in. 



25 

25 

20 

15 

15 

10 

12 

10 

6 

3 

2 



Compression. 
Tons per sq. in. 



45 



48 
5 
3 

* * 
. * 
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55. Limit of Elastioity. 

The maximum strain per square inch sectional area, which 
any material can undergo without receiving a visible perma- 
nent set, is called its limit of elasticity. 

The average limits of elasticity are — 
Wrought iron, 10 tons. Cast iron, 2 tons. Steel, 15 tons. 

And the average elongations under a strain of 1 ton per 
square inch are — 
Wrought iron jjf^. Cast iron y^. Steel T sioo - 

56. Modulus of Elasticitt. 

A bar in tension or compression is elongated or shortened 
by an amount proportionate to the strain, within certain 
limits. Assuming the elongation, on incnreasing the strain, 
to continue in the same ratio, a certain point would be 
reached where the bar would be increased to twice its 
original length. The weight in lbs. per square inch sectional 
area of the bar, to produce this result, is the modulus of 
elasticity. The amount varies with the kind and quality of 
the material employed. 

57. Definitions of Modulus of Elasticitt. 

The modulus of direct elasticity of a material is the ratio 
of the stress per unit of section of a bar, to the elongation or 
compression per unit of length, produced by the stress. — 
Unwin's Machine Design. 

It is the weight in lbs. that would stretch or compress a 
bar, having a sectional area of one square inch, by an amount 
equal to its own length, called Hooke's law. — CargilVs 
Strains. 

58. FOBMULA FOB ELONGATION BY ElASTICITT. 

M = Modulus of direct elastioity (see table). 
I = Length in inches. 
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10 = Load per square inch sectional area in lbs. 
e = Elongation in inches. 

w X I 

59. Moduli of ELASTicnrrr. 

In lbs. per sq. in. 

Cast steel, tempered 36,000,000 

Steel, ordinary , .. 80,000,000 

Wrought-iron bar 29,000,000 

Ditto plate 26,000,000 

Cast iron .. 18,000,000 

Copper 17,000,000 

Phosphor bronze 14,000,000 

Gun metal 10,000,000 

Brass 9,000,000 

Tin 5,000,000 

Lead 720,000 

60. Allowanob in Bbidoes fob Changes of Tempebatubb. 

Variation of 15° F. alters length of wrought iron as much 
as strain of 1 ton per square inch. 

In exposed situations an allowance of ^ of an inch moye- 
ment, per 100 feet length, is necessary for the purpose of 
eliminating the strains due to change of temperature. — 
Qraham Smith, 

61. Besiubnoe of Beams. 

The resistance of beams to transverse impact, or a sud- 
denly applied load, is termed their resilience. It is simply 
proportional to the mass or weight of the beam, irrespec- 
tive of the length or the proportion between the depth and 
breadth. 

Thus, if a given beam break with a certain steady load, a 
similar beam of twice the length will break with half the 
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load applied in the same way ; but if the short beam be deflec- 
ted or broken by a certain falling load, the long beam will 
require double the load dropped from the same height or the 
load dropped from twice the height, to produce the same 
effect. — Anderson's Strength of Materials. 

62. Besiliekoe. 

Besilience or Spring is the quantity of mechanical work re- 
quired to produce the proof- stress on a given piece of 
material, and is equal to the product of the proof strain or 
alteration of figure, into the mean load which acts during 
the production of that strain ; that is to say, in general, yery 
nearly one half of the proof load. 

The Besilience or Spring of a Beam is the work performed 
in bending it to the proof deflection : — ^in other words, the 
energy of the greatest shock which the beam can bear with- 
out injury : such energy being expressed by the product of a 
weight into the height from which it must fall to produce 
the shock in question. This, if the load be concentrated at 
or near one point, is the product of half the proof load into 
the proof deflection. — Bankine. 



63. Ultimate Stbbngth of Timbeb. 



Name. 



Ash 

Beech 

Elm 

Bigafir 

Memel fiir 

Larch 

Honduras mahogany 
English oak 
Dantzic „ 
Canada „ 

Teak 

Pitch pine 



Tension, 
per square inch 



Compression* 
per square inch. 
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64. Stbength and Stiffness of Timbeb. 



Name. 


Stiffhess. 


Strength. 


Besilienoe. 


Ash 

Beech 

Riga fir 

Memel fir 

Larch 

Honduras mahogany . . 

English oak 

Dantzic „ 

Canada „ 

Teak 

Pitch pine 


89 

77 

98 

114 

79 

93 

100 

117 

114 

126 

73 


119 
103 

80 

80 
103 

96 

100 

• 107 

86 
109 

82 


160 

138 
64 
56 

134 
99 

100 
99 
64 
94 
92 



Oak being taken for comparison as = 100. 



65. Fbopobtionb of Beams fob Stbength and Stiffness. 

Stifiest 

d:h::^S:l 



strongest 

d:h:: ^2:1 



Approximately for strength, (2 to 6 as 1 to * 7 ; and for stiff- 
ness as 1 to - 58 ; but 1 to ' 5 is often used for beams, where 
the ends can be fixed sideways, because two can be cut out 
of a square log, and 1 to ' 33 or three out of a square log 
when intermediate staying can be applied, as in joists. 



66. Afpboximate Pbofobtions of Beams. 



strength. 



incbes. 
12x8i 

X 
X 
X 
X 
X 
X 
X 
X 



10 
9 
8 
7 
6 
5 
4 
3 



7 

6i 

5h 
5 

4i 
3i 
3 
2 



Stiffness. 



inches. 
12 X 7 
10 X 

X 
X 
X 
X 
X 
X 
X 



9 
8 
7 
6 
5 
4 
3 



6 

5i 
4f 
4 

^ 

3 

2i 

If 



Convenience. 



inches. 
12 X 9 or 12 X 6 

10 X 5 
9x6 or 9 X 4 J 
8x6 or 8 X 4 
7 X 4 J or 7 X 2 

6x4 

5x3 
4x3 or 4 X 2 J 

3x2 
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67. Dbfleotion and Oambkb. 

Deflection is the displacement of any point in a loaded 
beam, from its position when the beam is unloaded. 

Camber is an upward curvature, similar and equal to the 
mam'mum calculated deflection, giyen to a beam or girder or 
some line in it, in order to ensure its horizontality when 
fully loaded. 

68. Dbfleotion of Gibdebs. 

ft 

In girders with parallel flanges of imiform strength, the 
deflection produces a circular curve, the amount of deflection 
varies directly as the load x the sum of the areas of both 
flanges X the cube of the length, and inversely as the area 
of top flange x area of bottom flange x depth of web 
squared, or 

atX(hX d^ 

Common Bule, — Girders to be constructed with a camber 
of ^ to ^ inch per 10 feet of span, to allow for deflection 
when loaded. 

69. FoBMULA FOB Dbflbotion OF Wbought-ibon Flanged 

Gibdebs. 

Of uniform strength, supported at both ends, and carrying 
distributed load. Strain allowed = 5 tons per square inch 
tension, 4 tons per square inch compression. 

8 = Span in feet. 
d = Mean depth in inches. 
A = Deflection in inches in centre. 
0144 «2 



A = 



d 



If depth = ^ span, A = '012 «, tV = '0144 «, ^ = 
018 «. 
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70. Defleotion of Beams. 

A = Deflection in inches. 

I = Length in feet. 

h = Breadth in inches. 

d = Depth in inches. 
W = Load in cwts. in centre. 

c = Constant = 

Steel 700 Quebec oak .. .. 40 

Wrought iron .. 600 Fir and deal .. .. 36 

Cast iron .. .. 350 Dantzic oak .. .. 30 

Teak 50 Pitch pine .. .. 26 

Bectangular beam — 

, rW ^ Ab#c 



eP Ac ^ Abe Ac 

WWW 
Square beam, side = V/ 

^ Ac 

/WW 
Cylindrical beam, diameter = /v/ X 1 ' 7. 

V Ac 

If load be uniformly distributed, deflection = f A. 
Cantilever with distributed load = A 6. 
Cantilever loaded at end = A 16. 

Safe deflection in timber = ^^^ length, or ^ inch per 
foot span. 

71. Notes on Tobsion and Shafting. 

Torsion is measured by the load acting at 1 foot radius, 
which is required to fracture a specimen 1 inch diameter. 
Torsion is similar to shearing, and could be calculated as 
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sncli, but it is more conyenient to take it by leverage as 
abova 

Strength varies as — , sti&ess as— • 

To run smoothly, long shafting mnst not twist more than 
1^ in 10 feet under maximnTn load. 

Long shafts are not designed in strict accordance with mle, 
as they would then be tapered from driving end, involving 
extra assortment of driving pnlleys. 

Every alteration in diameter of a shaft, unless made at a 
coupling, must be made gradually by means of a curve at the 
junction of the two diameters. 

Factor of safety, long shafts less than 4^ inches diameter 
= -j^; short shafts and all over 4^ inches diameter = ^. 
Distance apart of supports in feet = b yd/*. Friction of 
ordinary shop shafting is about one horse-power per 100 
feet. 

72. XJltimatb Torsional Strength of various Metals. 

Bound bars 1 inch diameter, load applied at 1 foot radius. 

Cast steel, average 1500 lbs. 

Mild steel, „ 1200 „ 

Wrought iron, „ 800 „ 
Cast iron, „ 700 „ 

Wrought copper, „ 400 „ 

73. Transmission op Power by Shafting. 

Strength of shaft to transmit power depends upon velocity : 
thus, shaft able to transmit 20 horse-power at 60 revolutions 
is sufficient for 60 horse-power at 180 revolutions. The ex- 
planation is, that the actual strain is the same in each case, 
the increase in horse-power being due to the increase in speed 
only. Power consists of pressure and velocity, and varies 
directly as the amount of each. 
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74. FOBMULA FOB STRENGTH OF ShAFTING. 

W = B. W. in lbs. at 1 foot radius, of shaft 1 incli 

diameter. 
C = Coefficient of safety. 
d = Diameter of shaft. 
I = Leverage in feet. 
8 = Strain in lbs. at circamference of wheeL 









75. MOLESWOBTH*S FoBMULA FOB WbOUGHT-IBGN 

Shafting. 

D = Diameter of shaft in inches. 

1320 for crank shafts and prime movers. 
200 for second motion shafts. 
100 for ordinary shafting. 
n = Actnal horse-power to be transmitted, 
n = Number of revolutions per minute. 
I = Leverage in feet. 
f = Force applied in lbs. at circumference of wheel. 

^ ~ 33000 K -^"2^1^ 

^ 33000 H ^ s/fl ^ T^ /2W7 ~ 

76. Proportions of Solid Wbought-iron Flange Coupling 

ON Screw Shaft. 

Let d = diameter of shaft. Then there should be eight 
bolts,* each J d in diameter, the diameter of circle passing 
through the centres being 1^ d. The flanges should be 2 (2 
in diameter and ^ d thick. — Unwin. 

* Six bolts are commonly used, up to 6 inches diameter of shaft. 
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77. Tkanbyebsb Stbength of Shafts. 

Load distributed on wrought-iron crank pin or over- 

hanging journal in lbs., c = 1200. 
Ditto, concentrated on shaft supported at ends, c = 2400. 
Ditto, distributed „ . „ „ c = 4800. 



»• 



99 



Safe load = c -- 

V 



^ = ^^' 



Forces may be taken to act at the centres of journals in 
cases where supports are not contiguous to journals. 

78. Pbopobtions of Bolts, Whitwobth Standabd. 



Diameter of 

Bolt 
in inches. 



i 

i 
li 

2 
3 



Width of Nut 

■oyer Angles, 

approx. 

=: If diam. 



$ 



sa 
s 



n 

If 

3| 



Width of Nut 
over Sides, 

approx. 
= li diam. 



I 
1 

1 s 

\r 

n 

3 



Diameter at 

top of 
Chamfering. 



Thickness of 
Head. 



If 
1* 






1* 

H 

14 
2| 



No. 

of Threads 

per inch. 



12 
11 
10 

9 

8 

7 

6 

4J 
3i 



Thickness of nut = diameter of bolt. 

Depth of thread = pitch. 

Number square threads = ^ number V threads. 



79. Pbopobtions of Bolts, Nuts, and Washbbs in 

Cabpbntbt. 



Thickness of nut 

5> 



=1 diameter of bolt. 

liead =1 „ „ 

Diameter of head or nut over sides = 1^ „ „ 

Side of square washer for fir .. = 3J „ „ 
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Side of sqnare washer for oak .. =2^ diameterof bolt. 

Thickness of washer = i » » 

When the nuts are let in flush in fir, the washers should 
be same size as for oak. 

80. Stbenoth of Bolts. 

Bolts in machinery subject to varying loads should not be 
strained to more than 2 tons per square inch of minimum 
section. A bolt 1 inch diameter being *84 at bottom of 
thread will take not more than (say) 2000 lbs., including 
initial strain in screwing up. 

Let d = outside diameter of thread in inches ; 2000 d^ = 
safe load in lbs. for 1-inch bolts and upwards ; 2000 d^ = 
safe load in lbs. for 1-inch bolts and under. 

The ordinary force used in screwing up bolts is liable to 
break a |-inch bolt and seriously injure a ^inch bolt ; hence 
bolts for joints requiring to be tightly screwed up should not 
be less than f inch in diameter. 

81. Strength of Bolts (Unwin). 



Bolts not requiring to be 
tightened before load is ap- 
plied 

Bolts accurately fitted 
and requiring to be tight- 
ened moderately . . . . j 

Bolts used to draw joints 
steam tight and resist the 
pressure in addition . . j 



Per sq. in. 
net area. 

Safe load = 6000 lbs. 



= 4000 „ 



„ = 1600 to 2000 lbs. 



82. To SEOUBE Cheoe OB Look Nuts. 

Put on check nut (^ diameter of bolt in thickness) screw 
up as tight against flange or work as an ordinary nut would 
be screwed under the circumstances, then put on ordinary 
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thick nut (1 diameter thick), screw it up with the same force 
and hold on to it with the spanner. Then with a thin 
spanner reverse the check nut against the other as far as it 
will go with about the same pressure as before. The check 
nut has then only the screwing-up force to resist, while the 
thick nut has in addition the strain which may be brought 
upon it by load or vibration. 

83. Cheoe Nuts. 

.... This loosening of a nut can be prevented by adding 
another nut, which must be screwed hard down upon the 
first, to increase the pressure upon the thread. — Willis' 
Mechanism, 

Note. — As described here, the second nut would only be 
equivalent to thickening the first nut, and would be useless 
as a check. 



PAET I.— SECTION IV. 

THE ACTION OF CHISELS, HAMMERS, PUNCHES, 
PLANES, SHEARS, DRILLS. 

84. FoRHXJLA FOB Falling Bodies. 

h = Height of fall in feet. H = Highest point reached in feet. 

t; = Velocity in feet per second. T = Time to reach ditto. 

g = Force of gravity = 32 (ap- V = Velocity imparted otherwise 

proximately). than by gravity. 
t = Time of fall in seconds. 

Falling from Best. Thrown Downward. 

, 2A , , 

« = fl'* = -j = V25fA c = V + V25fA = V+flf« 

« = -=— zzr-^^J yL_ 2A^ + V- Vo 

9 V g g9 

D 
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Thrown Upward. 



V 



= V- V27a = V-^< V=V2flfH 



85. Holtzapffsl'b Classifioation of Cutting Tools. 

Shearing tools act by dividing the material operated on into 
two parts, which separate from each other by sliding at the 
surface of separation. 

Paring tools cut a thin layer or strip called a shaving 
from the surface of the work, and thus produce a new 
surface. 

Scraping tools scrape away small particles from, the 
surface of the work, thus correcting the small irregularities 
which may have been left by the paring tool. 

86. Angles of Tools. 
Angle of Tool. Speed of Cut 

For wood 30°-40° 8000 feet per minute. 

„ wrought iron 60° 15-20 „. „ 

cast iron .. 70° 1 10-15 



„ brass .... 80 — » »> 



Angle of reHef for aU tools, 5°-10°. 
87. Cutting Speed of Maohine Tools. 



Steel 


12 feet 


per 


minute 


Cast iron 


18 „ 




» 


Brass .. 


20 „ 




« 


Wrought iron 


24 „ 




5> 


Wood .. 


2000 „ 




„ when material 



revolves. 
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Wood ,. ., 3000 feet per minute when tool 

revolves. 
Grindstone .. 800 feet per minute. 

88. Spbed of Maohine Tools. 

On soft cast iron .. 5 feet per minute. 
„ steel and hard ditto 10 to 20 „ 
„ wrought iron .. 15 to 25 „ 

„ brass 40 to 100 „ 

„ wood 300 to 2000 „ 

— Evers* Applied Mechanics. 

89. Speed of Machine Tools. 

I Wrought iron, 20 feet per minute. 
Cast iron, 16 „ „ 

Cuts per inch, 16 to 80. 

For flat work — 

Speed in inches per second x 5 = speed 

in feet per minute. 
For small diameters — 

Diameter in inches X revolutions in 16 seconds = 

speed in feet per minute. 
For large diameters — 

Diar. in inches X 16 , . « 

a j—r. — 1 1 ,. = speed in ft. per mm. 

Seconds lor 1 revolution ^ ^ 

Cutting speed in feet per min. x 5 /.x ^ i j i. 

pi— 7 -. — r = sq. ft. tooled per hour. 

Cuts per inch ^ ^ 

— Engineering, 21st Nov. 1879. 

90. Shearing and Punching. 

Eesistance to shearing of wrought iron averages 50,000 lbs. 
per square inch area of surface cut. This will be the pres- 
sure required on the material at the commencement of the 
stroke. 

D 2 
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The mechanical work in punching or shearing is estimated 
by Weisbach as this pressure exerted through ^th the thick- 
ness of the plate, and the coefficient or modulus of the 
machine as * 66, the friction being taken at 33 per cent, of 
the gross pressure. 

91. Sheabing and Punohing. 

Formula for calculating power required : 
t = Thickness of plate or bar. 
I = Length or circumference of cut. 
/ = Besistance of material to shearing. 
M = Modulus of machine, say '66. 
P = Gross pressure in lbs. 

t_lf 
M 



P = 



92. Pressure required to Punch Wrought-ibon Plates. 

(From experiments). 
d, t P. c. 

To punch ^ hole in ^ plate requires 2^ tons = 144 



Do. 


i . 


, i 


f> 


6i 


>J 


104 


Do. 


3 

"8" > 


3 

J "8" 


9» 


13 


)) 


92 


Do. 


i , 


. i 


9> 


22 


9» 


88 


Do. 


6 


6 

9 S 


J> 


33i 


99 


86 


Do. 




. 1 


»> 


m 


» 


84 


Do. 


7 


7 
> "8" 


JJ 


62f 


)> 


82 


Do. 


1 , 


, 1 


»♦ 


80 


» 


80 



V == d X t X c. 

Approximately diam. x thickness X 88 = pressure in tons ; 
or, area of cut surface x 28 = ditto 

93. Laws of Friction. 

The friction between two surfaces, dry or only slightly 
greasy, is in direct proportion to the force with which they 
are pressed together (within the limits of abrasion), and is 
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independent of the area of the surfaces in contact. With 
ample lubrication the friction is reduced, but the heavier the 
pressure per unit of surface the greater must be the consist- 
ency of the lubricant, to prevent it from being squeezed 
out. 

The friction between two surfaces at rest is slightly 
greater than when they are in motion, but when in motion 
the friction is independent of the velocity so long as the 
surfaces are kept cool. 

94. Definitions op Fbiotion. 

• 

The Limiting angle of Besiatance <f) is the angle through 
which any surface requires to be lifted from the horizontal to 
cause a body to be on the point of sliding (friction of rest) or 
to continue sliding (friction of motion). Its magnitude is 
fixed by the physical nature of the surfaces in contact. It is 
also the angle from the vertical made by the resultant of the 
force or forces acting upon a body when sliding is just about 
to take place or is taking place. 

The Coefficient of Friction /x is the ratio of the pressure 
P required to overcome the friction of a body on any given 
horizontal surface, to the whole load W of and on the body 

(fi = ^\ Trigonometrically it is equal to the tangent of 

the limiting angle of resistance (ji = tangent <^). 

95.. Mean Coefficients of Fbiotion. 

Wood on wood or metal— dry, • 4 to • 6 ; greasy, • 2 to • 4 ; 
lubricated, • 1 to '2. 

Metal on metal— wet, • 3 ; dry, • 2 ; greasy, • 15 ; lubricated, 
• 1 standing, or • 08 moving. 

Leather on metal, wet * 25, dry * 5. 

Friction of motion = friction of repose X ' 7. 

Friction varies with the nature of the surfaces, the lubri- 
cant, and the temperature. 
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96. Mobin's Ezpebiments on Fbiotion of Motion. 
Dry- 
Wrought iron on brass * 172 Brass on wrought iron * 161 
Cast „ „ -147 „ cast „ -217 



Greasy— 








Wrought „ 


99 


•160 


» 


Cast „ 


9) 


•132 


»> 



wrought „ '166 
cast „ • 107 

Lubricated with dive oil — 

Wrought „ „ -078 „ wrought „ '072 

Cast „ „ -078 „ cast „ -077 

Oak upon elm dry = ^ of friction of elm upon oak dry* 

Note. — These results reduced from Greneral Morin's experi- 
ments appear to be very questionably, and indicate the neces- 
sity for further investigation. 



PAET I.— SECTION V. 

OPERATIONS OF TEMPERING, WELDING, RIVETING, 

CAULKING, &c. 

97. Forging. 

Wrought iron at a red heat may be hammered into yarious 
shapes, called "forging." When a piece is drawn down 
smaller it is called " swaging ; " if jumped up thicker, it is 
called " upsetting." Common iron is not suitable for forging, 
as the scale or slag in it causes cracks. Double and treble 
best Staffordshire and ordinary Yorkshire are suitable. The 
best Yorkshire is used for flanging and difficult forgings. 
Charcoal iron for light and complicated work. 

Steel may be forged gradually at a low heat. The greater 
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the proportion of carbon contained, the greater the difficulty 
of forging. All forging should proceed by easy stages, and 
care be taken not to bum the iron or steel. 

98. Welding 

Is the process of joining two pieces of wrought iron or 
steel by heating, and hammering them together. To weld 
iron the pieces must be brought to a white heat, and the 
scale swept off before they are put together. Steel requires 
a much lower heat, and the surfaces should be sprinkled with 
sand or borax. The welding temperature depends upon the 
amount of carbon contained: hence, the extra difficulty of 
welding two pieces of different composition. Mild steel 
approaches wrought iron in its welding qualities. Steel faces 
may with care be welded on to iron tools; shear steel is 
generally used for this purpose. 

99. TsMPERiNa. 

Steel when heated to a cherry red, and suddenly cooled in 
water or oil, is rendered yery hard. Some suppose that the 
carbon is caused to take the crystalline or diamond form. 
For tempering the hardened steel a portion is brightened 
with a piece of broken grindstone, and then reheated until 
the film of oxide formed on the surface shows the requisite 
temperature; it is then quenched in water, and the hard- 
ness is found to be " let down" to the "temper" required. 
Tempering was formerly considered to be the only true test 
of steel. 

100. COLOUBS OOBBESPONDING TO TeMPEBATUBB. 



Deg. Fahr. 

Faint red 960 

Dull red 1290 

Brilliant red 1470 

Cherry red 1650 

Bright cherry red .. .. 1830 



Deg. Fahr. 

Orange 2010 

Bright orange .. .. 2190 

White heat 2370 

Briorht white heat .. .. 2550 



'O' 



— Becqtwrel. 
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102. Notes on Eivkted Joints. 

Hard wrought iron is weakened from 15 to 30 per cent, 
by punching. 

In punched plates the small sides of the holes should come 
together. 

Drilled holes should have the edges chamfered. 

The tension in a rivet may be estimated at 21,000 lbs. per 
square inch of its section. 

Friction due to this tension would be about 7000 lbs. per 
square inch of rivet section. 

The usual diameter of rivets in hand riveting varies from 
^ inch to ^ inch. 

In machine riveting they may be used up to 1^ inch 
diameter. 

Maximum efficiency of single riveted joint = f strength 
of plate. 

Maximum efi&ciency of double riveted joint = ^ strength 
of plate. 

103. Notes on Caulking. 

Caulking consists of burring up the inner edge of the 
plates in a joint by means of a tool like a flat-ended chisel, 
to prevent leakage in boilers, tanks, &c. 

Plates with rough sheared edges should be chipped even, 
to a slight bevel, before caulking. 

Joints appearing at all open should be closed by a flogging 
hammer before caulking. 

When the caulking is done on one side only, it should be 
upon the same side as the riveting. In best work the joints 
are caulked inside and out. 

When the lap exceeds three times diameter of rivet the 
caulking is apt to open the joint, unless done very lightly. 

104. CAULKiNa Tools. 
The caulking tool should be flat-ended and slightly 
bevelled, from ^ inch to j^^ inch thick x 1 inch to H inch 
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wide, with one edge square and the other rounded to prevent 
cutting into the plate. 

The rounded edge should be held next to the plate the 
first time of going along the joint, called splitting the lap, 
and afterwards reversed. 

The finished caulking should appear like a parallel groove 
about ^ inch deep x i inch wide in a f-inch plate. 



PAET I.— SECTION VI. 

TOOLS USED IN THE WORKSHOP, MACHINES USED 
FOR LABOUR-SAVma IN THE CONSTRUCTION OF 
SMALL MACHINERY, AS MILLING, STAMPING, AND 
SCREWING MACHINES. 

105. Workshop Tools 

Are divided into two classes, hand tools and machine tools. 
In the former are included hammers, chisels, files, ratchet 
braces, spanners, &c., and in the latter lathes, planing, 
shaping, driUing, and slotting machines, &c., in the fitting 
shop; and punching and shearing machines, bending rolls, 
steam hammers, <&c., in the smiths' shop. 

The machine tools are now mostly driven by steam power 
through shafting connected by belts. 

A workshop should be so arranged that the raw material 
coming in at one end should be received at the various tools 
in the order of the work to be done upon it, and be removed 
in a finished state at the other end. 
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PAET n. 

FOUNDING, MOULDING, AND PATTEKN-MAKING. 

106. Pattebx-makjng. 

Small patterns made of mahogany or New Zealand pine. 
Larger patterns made of white or yellow pine. Metal 
patterns nsed where a great number of similar castings are 
required. Wood patterns coated with red or black varnish, 
to preyent distortion from damp sand. 

Patterns should have rounded edges, and filleted angles 
wherever possible. The thickness of metal throughout a 
casting should be as uniform as possible, changes of direction 
being avoided. Sharp comers in a casting are always weak. 
Sufficient taper must be given to draw out of the sand, and 
allowance made for knocking to loosen in mould. 

107. Moulding in Foundry. 

Chreer^sand Moulding, — Used for light iron castings, fire- 
bars, rough machine castings, &c. The ordinary damp sand 
of the foundry is used in iron boxes or " flasks " for receiv- 
ing impression from '^ patterns," the hollow parts being 
formed of baked sand *' cores." Long cores are supported 
by ''chaplets," small and complicated cores are made of 
" loam." 

Dry-scmd Moulding. — Used for ornamental ironwork, im- 
portant machine castings, and for casting in brass. The 
sand consists of fresh sand mixed with loam which has been 
used or of fresh sand only. When finished, the moulds are 
dried for several hours. "Blackening" prevents sand 
melting. 

Loam Moulding, — Used for steam cylinders, bent pipes, 
and complicated work. The mould is often built up without 
patterns, and consists of brickwork coated with loam and 
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"swept" to required shape by a "loam-board." Long 
straight cores are formed of iron pipe with haybands twisted 
on to hold the loam, and other cores of loam strengthened 
by bent "core-irons." The loam is conmion brick-clay 
mixed with horse-dnng, cow-hair, sand, &c. 

108. Sand fob Moulding. 

Moulding 5a?u2 consists of 93 to 96 per cent, of sharp sand 
and 8 to 6 per cent, of clay. Quality yaries for different 
castings. The smaller the castings, the more clay the sand 
may contain. Heavy castings require poorer and coarser 
sand. Coal and coke are used to make the sand more porous, 
makes the castings rougher, but by giving free vent to the 
gases makes them sounder. 

Parting Sand is the burnt sand scraped off castings, and is 
used to facilitate the division of the upper and lower boxes 
in moulding. 

Core Sand consists of 90 per cent, sharp sand and 10 per 
cent, of clay, and should be used fresh. 

109. Foundry Drying Stove. 

Brick chamber of three sides with arched top shut with 
close iron doors on fourth side. Size about 10 feet x 10 
feet X 7 feet high. Fire-place on one side, flue near 
ground on opposite side, fire fed through a door on outside. 
Iron shelves on walls for drying small cores and boxes. 
Bails run from crane into drying stove, so that large moulds 
may be wheeled in. Stoves of various sizes in large foun- 
dry, the larger ones only used when required for very large 
moulds. 

110. Cleaning Castings. 

Moulds taken apart and sand removed as soon as castings 
have set, castings taken out with tongs and left to cool, time 
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Tarying according to weight and mass. Grates and partings 
broken o£r, and heavy or hard cores remoTed in foundry 
before casting is cold. Projections removed in cleaning 
shop with chisel, sharp hammer, or worn-out file, and 
casting well brushed with steel wire brush. Holes stopped 
with black putty, cement, or lead, and castings painted with 
black wash. The scrap averages 25 per cent, of the castings, 
less on large work. 

111. Classification of Iron Obes. 

Mr. Truran classifies the ores of Great Britain into four 
great divisions, thus :— 

A. The argillaceous ores of the coal formations, having 
clay, but sometimes silica, as the chief impurity. 

B. The carbonaceous ores of the coal formations, distin- 
guished by their large percentage of carbon. 

C. The calcareous or spathic ores, or the sparry carbon- 
ates of iron, having lime as their chief earthy admixture. 

D. The siliceous ores, having silica as their predominating 
earth. This class is subdivided into the red and brown 
hsBmatites, the ores of the oolitic formation, the white 
carbonates, and the magnetic oxides. 



112. Chaboes emfloted at Dowlais fob diffbbent 

KINDS OF PiG-IboN. 





Foundry Pig. 


White 
Forge Pig. 


Common 
Forge Pig. 


Calcined " mine " (fresh ore) 

Bed heematite ore 

Forge and refinery cinder . . 

^ Jjimestoue 

Ck)al 


cwt. 
48 

• • 

• • 

17 
50 


cwt. 
28 
10 
10 
14 
42 


cwt. 

• • 

16 
25 
16 
86 






Weekly make . . . . 


130 tons. 


170 tons. 


190 tons. 
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113. Analtsbs or Pig-Ibok. 

Carbon, partly combined, and partly ) 9 . q to ^ • ^ 
in a graphitic form .. .. ) 



Silicon .. 
Manganese 
Sulphur .. 
Phosphoros 



0-13,, 6-7 
0-0 „7-6 
0-0 ,,0-87 
0-0 ,,1-66 



114. Foundry Pig. 



No. 1 Pig is chiefly used in the foundry. Oolour dark 
grey, crystals large and leafy, carbon in form of graphite. 
Very soft, melts very fluid, but being coarse grained, will not 
give a sharp impression. Cools slowly. For fine castings 
the presence of a little phosphorus is adyantageous : the 
grain is finer, the iron a lighter colour, and the impressions 
sharper. Used for small castings, hollow ware, small 
machinery, &c. 

No. 2 Pig, grey and mottled in colour. Used for large 
castings in dry sand or loam. Melts fluid, is tough, close 
texture, fills the mould well, more free from impurities than 
No. 1. Heavy machine castings made from No. 2, or 
various mixtures of 1, 2, and 3. 

No. 3 Pig, hard and white, used for mixing. 

115. Mixtures op Pig-Ibon. 

Mixture recommended for girders, &c., where rigidity and 
strength are required : — 

Lowmoor, Yorkshire No. 3 .. .. 30 per cent. 

Blaina or Yorkshire No. 2 .. ^ .. 25 „ 

Shropshire or Derbyshire No. 3 .. 25 „ 

Grood old cast scrap 20 „ 



100 
— Fairhairn, 
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116. Melting Metal fob Castinos. 

Crucibles are sometimes used for melting iron for trinkets 
and small goods. The best castings, whether iron, bronze, 
or other metal, for machine frames, bells, statnes, &c., are 
made from a reverheratory furnace^ run directly from the 
furnace in dry sand ditches to the mould. The cupola has 
the advantage of melting iron cheaper than any other fur- 
nace ; where strength is unimportant, it is the best method. 



117. CONTBACTION OP MeTALS IN CoOLING. 





C!ontractlon. 


MetaL 


Tn Fractions of Linear 
Dimensions. 


In Parts of an Inch 

per Foot of Linear 

Dimensions. 


Cast iron 

Gun metal 

Yellow brass 

Copper 

Zino and l:m 

Tjead • . 




* 





118. Contraction op Castings. 

\ inch per foot. 
„ in 15 inches. 

„ in 16 inches. 



Heavy pipes 

Girders, beams, &c 

Engine beams ( 

Connecting rods f 

Large cylinders, say 70 inches 
diameter x 10 feet stroke, 
the contraction of diameter 

Ditto in length .. 

Small narrow wheels, about 

Large heavy wheels 

Thin brass 

Thick brass 



1 



1 

"B" 



3 



= i 



» 



J5 



» 



1 

"B" 
1 

1 
115 » 

1 

"S" » 

1 



at top. 
at bottom. 

in 16 inches, 
per foot diam. 
or more „ 
in 9 inches, 
in 10 inches. 
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Zinc and lead, each .. .. = -^incli per foot. 

Copper = ft „ „ 

Bismuth = ^ 99 n 

Tin = i „ 

Pattern-makers commonly allow for iron castings -|- inch 
per foot, and for brass castings ft inch per foot. 

119. Bbonzb and Brass Castings. 

Melted in crucibles, wasting prevented by coyering surface 
with mixture of potash, soda and charcoal powder. Copper 
melted first, then tin, then zinc or antimony, then covering 
applied. Zinc is best added in form of brass, calculating 
the copper contained. Large strong castings require the 
metal exposed to fire in fluid state 8 or 10 hours, proof 
taken by small ladle and broken when cool, judged by 
crystallisation, and copper or tin added as required. Before 
casting, bronze is well stirred with heated iron rods. Brass 
made by melting together copper scraps, crude zinc or 
spelter, and charcoal powder, remelted for casting. 



PAET III. 

SHAFTING, GEAKING, AND GENERAL MACHINERY. 

120. Tbansmission of Motion. 

By rolling contact, as spur wheels and pinions, crown wheel 
and pinion, face wheel and lantern, bevil wheels, cones, rack 
and pinion, &c. 

By sliding contact, as inclined plane, wedge, cams, swash 
plate, crown wheel escapement, screw, &c. 

By wrapping contact, as cords and pulleys, belts and pulleys 
or riggers, speed pulleys, capstan, fusee of watch, &c. 

By link work, as levers, cranks, treadle of lathe, <&c. 

— Tomkins* Machine Gomtruction. 
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121. Useful Work and Efpicienciy. 

TJsefvH work of a macliine is that performed in producing 
the effect for which the machine is designed. 

Lost xoork is that performed in producing other effects. 

The power of a machine is the energy exerted, and the 
effect the useful work performed, in some interval of time of 
definite length. 

The efficiency of a machine is a fraction expressing the 
ratio of the useful work to the whole work performed or 
energy expended. This ratio is also called the modulus or 
coefficient of the machine. 

The (^ownier-efficieacy is the reciprocal of the efficiency* 
and is the ratio in which the energy expended is greater than 
the useful work. — Mankine^a Applied Mechanics, 

122. Velocity Ratio. 

The velocity rcUio in any machine is the proportion between 
the moToment of the power and the movement of the re- 
sistance, in the same interval of time; for example, in a 
punching press it may be 100 to 1 = ^5^**, and in a hydraulic 
crane 1 to 8 = -^. These proportions also express the 
amount of the resistance (including friction), compared with 
the power or pressure applied. (See definition of virtiLal 
velocity.) 

The term purchase of a machine is applied either to the 
motion or pressure of the resistance compared with the 
power; in above examples, the purchase of the punching 
press would be 100, that of the hydraulic crane 8, but the 
term is generally restricted to the gaining of pressure by the 
sacrifice of speed, as in the first case. 

123. Pbinoiple of Vibtual Vblooitibs. 

If any machine without friction be in equilibrium and the 
whole be put in motion, the initial pressure P will be to the 

e 
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final pressure p as the final Telocity Y is to the initial 
velocity r, or P : |) :: V : », dtp V = P ». 

In practice, as all machines have Motion, p will depend 
upon the friction, bat Y will be in accordance with the 
calculation of the leverage or gearing. 

Let e =s the final pressure by experiment, then p — e 
= friction, and the coefficient or modulus of machine 

P 

124. Definitions of the Pbinoiplb of Vibtual 

Velocities. 

Bankine'a, — The effort and resistance are to each other 
inversely as the velocities, along their lines of action, of the 
points where they are applied. 

Twisden's. — If a system of pressures, in equilibrium, act 
on any machine which receives any small displacement, 
consistent with the connection of the parts of the machine, 
the algebraical sum of the virtual moments of the pressure 
will equal zero. 

125. Anqulab Velocity. 

The angular velocity of a wheel is the speed of a point in 
the circumference of an imaginary wheel with unity as 
radius, and making the same number of revolutions per 
minute as the given wheel. 

Velocity is taken in feet per second. 
Eevolutions are taken at per minute. 

2 IT r w TTTn 
Circumferential velocity = — g^- = -qq- = ' 10472 r n. 

Angular velocity = ?J!-®!? = ^ = • 10472 n. 
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126. Notes on Belt Gearing (No. 1). 
Coefficient of friction between ordinary leather belting and 

cast-iron pulleys or drums = '423. Ultimate strength 
of ordinary leather belting =: 3086 lbs. per sq. in. Belts 
vary from ^ inch to ^ inch thick, average /^ inch. 

Breaking Strain. Safe Working Strain. 

Through solid part .. 675 lbs. .. 225 lbs. per in. wide 
Through riveting .. 382 lbs. .. 127 „ „ „ 

Through lacing .. .. 210 lb& .. 70 „ „ „ 

The working strength of the belt must be taken as that of 
its weakest part, which is the lacing. 

The tension of the driving side, which must not exceed 
the safe working strength of the belt = force transmitted 
+ mean normal tension. 

The force transmitted = the difference between the ten- 
sion of the driving side and the tension of the following 
side. — Welch's Designing Belt Gearing. 

127. Notes on Belt Gbamng (No. 2). 

When the arc of contact = 180°, the force able to be 
transmitted may be taken as 50 lbs. per inch wide. If more 
or less than i circumference be embraced by belt, the force 
transmitted may be increased or reduced by about 2 * 8 lbs. for 
every 10° difference from 180°. 

The sum of the tensions, or cross strain on shafting, may 
be taken as 90 lbs. per inch wide. 

The lower side of a belt should be made the driving 
side when possible, so that the arc of contact may be 
increased by the sagging of the following side. The actual 
horse-power capable of being transmitted by a belt = 
• 0015 X velocity in feet per min. x breadth in inches. 

To increase the capability for transmission of power, the 
diameters of the pulleys may be increased, retaining the 
same ratio, the increase of power being obtained by the 
increased velocity alone. 

B 2 
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128. Notes on Belt Oeabino (No. 3). 
Approximate rule for width of single leather belt, say -^ 
inch thick = 



V. ft per min. 

For donble belting take -nfths of width of an equivalent 
single belt. 

Wide belts are less effective per unit of sectional area 
than narrow belts. Long belts are more effective than 
short belts. 

A belt should never exceed 18 inches wide. 

The velocity of lathe belts should be from 25 to 33 feet 
per second, = 1600 to 2000 feet per minute. 

Convexity of pulleys to receive belt = ^ inch per foot wide. 

The proportion between the diameters of two pulleys 
working together should not exceed 6 to 1. 

Width of pulley = J more than belt. 

129. Notes on Bopes. 

Italian hemp ropes are stronger than Bussian hemp. 

New white ropes are stronger and more pliable than 
tarred ropes, but the latter retain their strength for a longer 
period. 

Tarred ropes are stiffer than white by about ^, and in 
cold weather somewhat more. 

Bopes which have been some time in use are more 
flexible than new ones ; the sti&ess of ropes increases after 
a little rest. 

Wet ropes, if small, are a little more flexible than dry ; if 
large, a little less flexible. Bopes shorten and swell when 
wetted. 

There is considerable loss of strength from strain, and 
exposure after use, although a rope may appear perfectly 
sound. 

Bopes are usually measured by their circumference : hence 
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a 6-incli rope is one 6 inches in circumference, or about 1|^ 
incli diameter. 

All ropes should be kept dry and free from lime. 

130. Stbenoth of Bopes. 

Ultimate strength of new white ropes is about 6000 lbs. per 
square inch sectional area, but good ropes may stand 1000 
lbs. per square inch. 

Double rope slings are not twice the strength of single 
rope, owing to inequality of strain ; but in a rope fall with 
sheaves in good order, each fold of the rope may be counted 
for the strength. 

The work absorbed in bending a rope fall over a sheave 
varies with the size and quality of the rope, the diameter of 
the rope, the diameter of the sheave, and the tension in the 
rope. 

Include weight of running block in calculating load on 
flail, and both blocks together with the rope, in weight on 
strop. 

Snatch block makes practically no difference in lifting 
power, if it has a good lead. 

131. FOBMTTLiB FOB StBBNGTH OF BoPES. 



Breaking weight new rope, cwts. = circumference^ x 6. 

Safe load on „ „ = wt. lbs. per fath. x 3. 

= (diameter in ^ths)^ 
= wt. lbs. per fath. x 4. 



B.W. new stretched rope in 
Safe load „ 

„ on new rope fall 

w good „ 

„ old „ 

Weight of clean dry rope per| 

fathom, in lbs 3 " 

Minimum diameter of sheave in) . ^ , ^ . 

inches j=circf.rope + 2ms. 



= circumference*. 

= % 

_ 1 

— 7 jj 
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132. Stbsnoth of Chains. 



d = Diameter of Itod in iths of an Inch. 



B.W. in tons, B.B. short-liDk crane chain 

„ „ ordinary chain 

r, „ ordinary chain (Anderson) 
Elflwick t'^st in tons, 10 per cent, ahove Ad-) 

miralty proof / 

Admiralty proof strain in tons 

Safe load in tons (Molesworth, p. 215, eleventh! 

edition) / 

Safe load at 5 tons per square inch sectional area 

„ in tons, common rnle 

liaximnin temporary load on good annealed! 

chain in cwts / 

Bafe load, ordinary chain (Anderson), in tons. . 

„ for ordinary cranes, in cwts 

„ at 3 tons per square inch sectional area 

„ coal cranes, in cwts. 

„ old chain, quality and condition! 
unknown / 

Weight in lbs. per fathom, short-link crane chain 

ordinary 



= ^cP 



^ 



= ¥* 



88 ^ 



= T*- 



= i^ 



— To** 

= 2(JP 



licP 

lid2 

(P 

'SScP 



Example 
f Chain. 



tons cwts. 

18 

14 8 

13 10 

7 Sh 

6 15 

4 10 

4 8J 

3 12 

3 12 



3 
2 
2 
2 



7* 
14 
13 

5 



1 16 

36 
31i 



133< Hemabes on Cbane Chains. 

■^" B. B. tested sliort link crane chain (Crown S. C.) 
slionld break with a load of 13 tons, if the iron bar from 
which it is made break with 26 tons per square inch 
ultimate stress; but a test piece of the chain 4 feet long 
breaks usually with a load of 9 to 10 tons, generally opening 
at the welds. Each chain is tested before use with a maxi- 
mum load of 4^ tons, examined link by link and used on 
Hydraulic Coal Cranes to lift maximum gross load of 1^ tons, 
examined again at frequent intervals and annealed ; any 
links reduced by wear to ^ an inch at ends are condemned 
as worn out ; worn links cut out and remainder used down 
to same limit. A good chain, properly looked after, will 
make from 100,000 to 150,000 lifts before it is entirely worn 
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out. These chams occasionally fj&il in use, although the 
factor of safety adopted allows so great a margin. 

134. Wheel Oeabing, Manohesteb Pitch. 

Diametral pitch (Manchester pitch) = 

No. of teeth 
Diam. of pitch circle in ins. 

Circular pitch = r^ 7— ,-— r-i- 

diametral pitch. 

or (tooth + space) in inches. 
No. of teeth in wheel = diameter x diametral pitch. 

T^. . jf -i 1 No. of teeth 

Diameter of wheel = ^p . - . 

diametral pitch 

Addition to diameter for increased No. of teeth = 

No. to be addded 
diametral pitch ' 

Outside diameter of wheel = rr. :— 1 — ttt + 

diametral pitch 

diameter pitch circle. 

136. Notes on Toothed Geabing (No. 1). 

Pinions, wheels, and racks are made of cast iron, cast 
steel, and malleable cast iron ; the latter is strong, but liable 
to twist or warp. Pinions are sometimes made of wrought 
iron ; small gearing is frequently made of gun metal. 

Gearing is increased in strength by shrouding or flanging 
up to pitch line. 

The comparative wear of gearing is inversely proportional 
to the number of teeth ; hence, pinions wear quicker than 
wheels. 

Two teeth on a pinion or wheel is the minimum number 
in gear at one time. 
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The power capable of being transmitted by gearing 
depends, within reasonable limits, entirely npon the ^peed; 
the pressure (at pitch line) depends npon Hiepitchm 



136. Notes on Toothed Oeabing (No. 2). 

The transmission of the power strains the teeth as canti- 

h cP 
levers, or « = —y- c, e for cast iron safe load = 600. 

The working load should not exceed -^th of the breaking 
weight 

The dimensions of the teeth are proportional to the pitch ; 
hence, in ordinary proportions the strength is represented by 
jj* c, c for cast iron being 1000. 

The breadth of tooth on face beyond a certain amount, 
say twice the pitch, cannot be reckoned npon for strength, 
owing to irregularities in the teeth, and probability of 
unequal bearing. 

137. Strength and Weight of Toothed Geabing. 

Safe pressure in lbs. at pitch line on wheel teeth of average 
proportions : — 



Cast iron, little shock, = 625 X pitch^ 
„ moderate shock, = 400 x pitch". 



excessive shock, = 277 x pitch". 



The latter case also applies to the iron teeth of mortise 
wheels, which are made thinner than ordinary teeth of same 
pitch. 

Breadth of teeth = 2 to 2^ times pitch. 

The weight of toothed gearing in lbs. approximately, is 
for spur wheels • 38 n 6 p\ Bevil wheels • 325 n 6 jj*. 
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138. FOBHULJEB FOB StBEMOTH OF GEABmO. 

8 = strain in lbs. to be transmitted, calculated at pitch 

circle. 
p = pitch in inches. 

c = constant, when teeth of ordinary proportion = 



MateriaL 



Cast steel . . . , 
Wronght iron 
Malleable cast iron 
Gun metal . . ' . , 
Cast iron 



Plain. 



4000 
8000 
2000 
1500 
1000 



Sbronded. 



6000 
4500 
3000 
2000 
1500 



8 = |>"c. 



I> 



V;- 



For slow speeds and uniform pressure, c may be increased 
one-fourth. 



139. JOXTBNALS FOB SHAFTS AND AxLES. 

Length of brass = • 9 to 1 • length of journal. 

Less liable to score in wearing, if slight end play can be 
given. 

Thickness and projection of collar and radius of curves = 
d^ d 

8*^6- 

Coefficient of friction, average * 08 = fi. 

Work expended in friction in foot lbs. per min. = 

/x W^dE= *021Wd E. 

Length of journal depends upon the load and speed, 
length being increased for high speeds. 

, W (60 + vol. ft. per min.) /t> \ 
^ = — ^ TPOoi 1- (Bourne), or 

I = d{-OOiR + l){Unu>in). 
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Inoreasmg diameter increases friction, because the rubbing 
Borfaoe has farther to travel in one revolntion. 

Increasing length does not affect the friction, because for 
a given space passed throngh, with a constant load^ the 
friction is independent of sorfSftces in contact. 

When an overhanging journal is increased in length the 
diameter must also be increased slightly, to give same strength 

before, D = d ^ j-. Pressure on bearings per square 

70,000 

min., 
must never exceed 1000, maximuTn say 800 in engines. 



as 



inch longitudinal section may be = fttt — 7~l — ^~ ^^^ 



140. Obdikaby Pbopobtions of Keys. 

1^ diam. of shaft up to 4 inches. 
^ „ 4 inches to 8 inches. 

^ „ 8 inches to 12 inches. 

Key square at thick end — 
One-third of thickness let in shaft, remainder in wheel. 

141. Pbopobtions of Cottebs thbough Babs. 

b = Breadth of cotter. 
t = Thickness of cotter. 
d = Diameter of bar. 

Through round bars, 

6 = l-4635d. < = 1 

o 

Through square bars, 

1. 1 K •;! iM. 4 side of bar 

= 1 • 5 side of bar. t = ■: 

4 

142. SOBBW-CUTTING. 

Set of change wheels numbers 22 ; increasing by 5 teeth 
from 20 to 120, two being alike, generally 80 or 90. When 
25 in a set, the extra wheels are 130, 140, and 150. 
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Wheels of 10 and 15 teeth are supplied when the screw- 
cntting gear works the slide rest. 

Leading screw has nsually 2, 3, or 4 threads per inch. 

Double train must always be used when — -. — r is less 

•^ screw required 

than ^, generally when less than ^. 

143. SORBW-CUTTING. 

To find the wheels for any pitch. 

Single train — 

Threads per inch in leading screw __ driver 



Ditto in screw to be cut follower* 

Double train — 

Threads leading screw __ driver driver 

Threads screw required follower follower' 

144. Examples of Change Wheels fob Sobew-Cuttino. 

Single trains — 

Leading screw, 4 threads 4 5 _ 20 15 __ 60 

Required do., 7 „ 7 ^ 5 " 36'°' ^ 15 "" 106 
Leading screw, 4 threads ^ _ 16 10 160^ 2 _ 80 
Required do. 2i „ 2i ~ 11 ^To ~ Iio"*"2 "" 66 

Double trains — 

Leading screw, 4 threads 5x4_5x4_50x40_6Ox8O 
Required do , | pitch 8 "" 2x4 ~ 20 x 40 "" 20 X 80 
Leading screw, 4 threads 4 _ 2 x 2 _ 20 x 20 _ 20 X 10 
Required do., 100 „ 100 "" 5 x 20 ~ 50 x 200 " 60 X 100 

Trains to be used are shown in broad-faced type. 
Note. — Work out same with leading screw of three threads. 

145. Notes on Spibal Spbings. 

Eflfective No. of coils = generally 2 less than apparent 
number, owing to flattening at ends for bases. 
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Stroke = effective nnmber of coils x compression or ex- 
tension of each coiL 

Pitch of spiral = diameter of steel in inches -|- twice com- 
pression of one coil under full load, bnt coils may lie close 
when spring is for tension only. 

Diameter of coil = say 8 times diameter of steeL 

Working load may stretch each coil = ^ diameter of steel 
composing spring. 

To increase stroke add to the nnmber of coils. 

Spring in tension is more accurate for exact work than one 
in compression. 

Best form of section is circular, but square form is stronger, 
as 10 to 7. 

146. Spiral Spbings. 

Formula for strength and deflection. 

E = Compression or extension of one coil in inches. 
D = Diameter of coil in inches from centre to centre. 
d = Diameter or side of square of steel composing spring 

in -^ihs of an inch. 
W = Weight applied in lbs. 
c = a constant found by experiment, which may be taken as 

22 for round steel and 30 for square steel. 

D»W 



E = 



d*c 



147. Spiral Spbings, Eankine's Formula. 

d = diameter of wire in inches. 

c = coefficient of transverse elasticity of wire say 
10,600,000 to 12,000,000 for charcoal iron wire, 
and steel. 
r = radius to centre of wire in coil, 
n = effective number of coils. 
/ = greatest safe shearing stress, say 30,000. 
W = any load not exceeding greatest safe load. 
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V = corresponding extension or compression. 
W = greatest safe steady load. 
v' = greatest safe steady extension or compression. 

-^ = greatest safe sudden load. 

W ^ cd* ^,_ 'IdQfd^ ^,_ 12' 566 n/r« 

i; 64 n r* r cd 

W 

Batio — should be ascertained by direct experiment. 

— Bankine^a Machinery and Millwork. 

148. DiFFEBENTIAL PxTLLEY CALCULATIONS. 

^ . 2 .. vv .r .. r - 2D 

M = modulus or efficiency of machine, then W x M = 
actual load lifted. 

By experiment — 

Five cwt. differential pulley block multiplying 16 to 1 , 
coefficient = • 4. 

30 cwt. differential pulley block multiplying 53 to 1, co- 
efficient = • 25. 

Note. — Load will not lower by itself when M is less 
than '5. 



PAET IV. 

THE STEAM ENGINE. 

149. HOBSB-POWBB. 

Actual H.P. = 33,000 foot-lbs. per minute in all calculations, 

but the actual work of a horse is about 22,000 

foot-lbs. per minute. 
Nominal H.P. low-pressure engine (pressure 7 lbs. above 

atmosphere) 

= d in inches * x V stroke in feet -r- 47. 
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Nominal HJP. higb-pressore engine (pressnre 21 lbs. above 

atmospbere), 
= N.H.P. low pressure engine x 3. 

Do. Watt's mle for condensing engines, 

= <J" -T- 28 (22 square incbes piston per N.H.P.). 

Do. Watt's role for bigb-pressnre, 

= (2* -7- 14 (11 square incbes piston per N.njP.). 

Admiralty N.H.P. = d ins. X speed feet per min. -7- 6000. 

Indicated n.P. = mean p lbs. sqnare incb. from indicator 
diagram x area of piston. ( x No. of pistons) 
X speed in feet per minute -r- 33,000. 

Effective H.P. = actual H.P. of work done. 

Nominal H.P. = is a useless conmiercial term, now becoming 
obsolete. 

Boiler H.P. = cubic feet of water evaporated per bour. 

150. Steam worked Expansiyely. 

Wben cut off at any part of stroke as — ; 

Tben its efficiency = 1 + ^yp» log. n. 

Mean pressure =p x - X {1 + byp. log. w). 

Terminal pre88nre=-|. 

All pressures are measured from perfect vacuum. 

Above formulae assume tbeoretically perfect indicator 
diagrams and expansion according to Boyle and Marriott's 
law. 

151. Crank and Piston Notes. 

a = Lengtb of connecting rod. 
h = Lengtb of crank. 

X = Distance of piston, from end of stroke furtbest from 
crank, wben point of maximum leverage is reacbed. 
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oi = Distance of piston as before, when crank has made 
qnarter revolution from dead centre. 

aj = (a + 6) - Va» + 6" a' = (a + 6) - Va» - 6'. 

These values divided respectively by 26 will give the 
proportion of stroke where these points occur. 

All the distances are measured from the end of stroke 
furthest from crank. 

152. Link Motions. 

StepJienaon^s, — ^Link curved, concave side towards eccen- 
trics, shifted to vary position of motion block, block moving 
in direct line with slide rod, lead increasing towards mid- 
gear with open rods and decreasing with crossed rods. 

OoocKs. — ^Link curved, concave side towards spindle, 
maintained in central position by rod swinging on a stud, 
motion block shifted in link by radius rod connected to 
valve spindle, lead constant. 

Allan's. — ^Link straight, link and motion block moved in 
opposite directions by rocking shaft, lead increasing towards 
mid-gear with open rods, and decreasing with crossed rods. 

153. Notes on Caloulation of Engine Shafts. 

By law of virtual velocities, mean pressure on crank pin 

-.TT 2« cPm am 

= (P-r X m X 



4 " ^ 7r« 2 1-57' 

but the force being irregular, the maximum must be taken 
for the crank and fly wheel shaft ; say full pressure on piston 
acting at radius of crank, 

= — j-^ at radius -^ 
4 2 

Beyond the fly-wheel —^ may be substituted for —~, 
as the strain will there be practically uniform. 



i 
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154. Oaloulation of Enconi Shafts. 

p = Tnaximum boiler piessnre, lbs. per square incli. 
m = mean pressure in cylinder » 99 ^ 
8 = stroke of piston in feet. 
d = diameter „ ,, inches. 
a = area „ ,9 square inches. 

/ = fjEU^tor of safety. 

Hyde. eng. and 
Steam eng^na stm. winches. 

Wrought iron and steel • . ^ . . -^ 

Cast iron -^ . . -^ 

k = ultimate strength, 1-inch bar, 1 foot radius. 

Cast steel. Mild steel. Wronght iron. Cast iron. 

1250 1000 750 600 

c = constant or safe load = fh 

Steam engine .. 200 175 125 60 
Hydraulic engine, <&c. 125 100 75 40 

D = diameter of shaft in inches. 
For crank shaft : 



_ 3 /(f* Xir xp X 8 _ 3/ d^p8 
^"V4x2x/xA:'"V2-5c' 

And beyond fly-wheel : 

D - V dl^ X m X 8 _ 3 /dPm8 

V~2x2x/xi VT^" 

For 2 cylinders, let diameter = D + • 15 D. 
For 3 cylinders „ „ = D + • 3 D. 

155. Stbbngth of Gbank Pin. 

p = uniformly distributed load in lbs. 
I = length of journal in inches. 
d = diameter of journal in inches. 
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/ = greatest safe stress per square inch, 
say, wrought iron 6000 to 9000. 
steel .. .. 9000 to 13600. 
cast iron .. 3000 to 4500. 

pi 

-j7- = greatest bending moment at fixed end of journal. 

TT 21 

M = 22 ^ = •0982 d* = modulus of circular sec. = -j • 
I = m| =-^^ X gj d* = -0491 d* = moment of 



inertia of circular section. 

3/ pi _ 3/5-1 pi 



/ 

156. Definitions belating to Sobew Pbopellebs. 

Length = A^ B^ measured along the axis of the shaft. 

Angle = P O H, which is a plane triangle when developed. 

Pitch = The distance traversed on A* B* for one complete 
revolution of A* P. 

Slip = The difference between the theoretical forward 
motion, calculated from the pitch of the screw, and the 
actual progress of the ship. 

Area = A* P O B, surface of blade in square feet. 

Thread or Helix = Outer edge of blade, O P. 
, Diameter = Diameter of cylinder circumscribing the thread 
of screw. A^ P = radius. 

157. Notes on Sobew Pbopellebs. 

In the common form of propeller the screw surface is 
generated by a line perpendicular to the axis of the shaft 
revolving roxmd the shaft and progressing uniformly along it. 

Screw surfaces are also generated by a line at right angles 
to a conical surface ; in some cases the vertex of the cone 
points aft, and in others forward. In some the surface is 

F 
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traced out by a line perpendicular to a sphere. The object 
in SQch cases being to diminish^ if possible, centrifogal action 
of the water. 

Screws of same pitch have different angles if their 
diameters differ. Angle reducing as diameter increases. 

The screws are either right or left-handed, and may haye 
two, three, or four blades. 

158. Slip of Scbew Pbopelleb. 

Slip is less when pitch is small and speed great, but more 
danger from heated bearings. When pitch is small, the 
propeller is less liable to break from a blow. 

The slip is diminished, casteris paribus, by 

1. Decreasing the angle of the screw. 

2. Increasing the diameter of the screw. 

3. Increasing the length of the screw. 

But the friction increases rapidly with the surface of the 
blade. 

The indicated horse power varies as the square of the 
speed of the ship x number of revolutions of screw x pitch. 

The most economical speed is when the vessel steams half 
as fast again as the opposing current, or half as fast again as 
a vessel it desires to overtake. 

159. Pitch of Sobbw Pbopelleb. 

Ordinary propellers have the pitch uniform throughout 
each blade, the angle varying with the distance from the 
axis, originally known as Smith's propeller. 

Screws of increasing pitch are sometimes used, and known 
as Woodcroft's propeller. 

Propellers with two blades are common in large ships, but 
those with three or four blades are better when the draft is 
small or in a rough sea. 

Feathering-screws have the blades pivoted so that &e 
angle, and thereby the pitch, may be altered. 

The pitch of a screw varies with the ratio of the ^circle 
described by the scre^ to the immersed midship section. 
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PAET V. 



BOILERS AND BOILER FITTINGS. 

160. Sensible Heat. 

The Temperature of a body is its state with regard to 
sensible heat. 

For purposes of measurement some definite effect produced 
by heat must be selected, e. g. the alteration in length or 
▼olume of a substance which expands and contracts uniformly 
when heated or cooled. 

At all ordinary temperatures the ratio of increment in 
▼olume to increment in absolute temperature is practically 
constant in the case of mercury, it is moreover a liquid 
at such temperatures, and easily measured ; hence the Mercur- 
rial Thermometer is that most commonly used for determining 
the temperature of a body. 

161. COMPABISON OF ThEBMOMETEBS. 



No. of 

Degrees 

between 

Freezing 

and Boiling 

Point 
of Water. 



Great Britain and 

America : 

Fahrenheit = F. .. 

France and part of 

Gontii^ent : 
Centigrade = 0. .. 

Germany : 
Beamnnr = B. 



180 

100 
80 



Absolute 

Zero 
of Temper- 
ature. 



Freezing 

Point 
of Water. 



Point of 
maximum 

Density 
of Water. 



-4 61-2 


32 


-274 





-219-2 






39-1 

4 
3-2 



BoiUng 

Point 

of Water. 



212 

100 
80 



. • . 9° F. = 5° C. = 4° B. 

To convert from one scale to another, 

F° = fC° + 32, C° = |(F°— 32), E° = ^(F°— 32) 
F° = fB^ + 32, 0° = |B°, B° = 



40°. 



F 2 



68 NOTES IN MEOHANIOIL ENGINEEBINa. 

162. Transfer of Heat. 

Badiaiion of heat is the transfer which takes place between 
bodies at all distances apart, in the same manner and 
according to the same laws as the radiation of light. 

Conduction is the transfer of heat between two bodies, or 
parts of a body, which touch each other. 

Convectiony or carrying of heat, means the transfer and 
di£Fdsion of the state of heat in a fluid mass by means of the 
motion of the particles of that mass. 

163. Meohanioal Equivalent of Heat. 

British Thermal Unit^ or unit of heat, is the quantity of 
heat required to raise 1 lb. of pure water, at its point of 
luaiimum density (=39-1° F.), through 1°F. 

Joule* 8 Equivalent is the mechanical effect resident in one 
thermal unit = 772 foot-lbs. 

When the centigrade scale' is used, the point of maximum 
density of water will be 4° C, the thermal unit the quantity 
of heat required to raise 1 lb. water through 1° C, and its 
mechanical equivalent 1390 foot-lbs. 

164. Thermodtnamios. 

First Law of Thermodynamics — Heat and mechanical energy 
are mutually convertible ; and heat requires for its production, 
aud produces by its disappearance, mechanical energy in the 
proportion of 772 foot-lbs. for each British unit of heat. 

Second Law of Thermodynamics, — If the total actual heat of 
a homogeneous and uniformly hot substance be conceived to 
be divided into any number of equal parts, the effects of 
these parts in causing work to be performed are equal. 

165. Capacity op Bodies for Heat. 

Capacity for heat of a body is the number of units of heat 
required to raise one pound weight of the body one degree 
in temperature. 
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The Specific heat of a body is its capacity for heat com- 
pared with that of an equal weight of water. 

Latent heat is the heat absorbed or disengaged by a body 
without alteration of temperature, upon a change of state or 
alteration in the aggregation of its molecules. 

166. Latent and Sensible Heat. 

Dr. Black's theory of the latent and sensible heat of steam 
was that the sum of the two was constant at all temperatures. 

Begnault's experiments showed that the total heat was not 
constant, but increased slowly with increase of temperature, 
and was equal in F.° to 

(Sensible temperature in F°. x • 305) + 1082. 

167. Gases and Vapoubs. 

Permarhent gases are those which cannot be liquefied. 

Ordinary gases are those which do not liquefy at ordinary 
temperatures or pressures, and the farther they are removed 
from their point of liquefaction the nearer they approach the 
character of permanent gases. 

Vapours are gases near their point of liquefaction. Ordi- 
nary high or low pressure steam is a vapour, superheated 
steam'isaga^. 

The temperature being constant, the volume of a gas is 
inversely as its pressure {Boyle*s Law), 

When a gas is heated, the expansion is about -^^^ of its 
volume at 0° 0. for each ° C. increase of temperature. 

168. Atmosphebio Pbessube. 

The weight of the atmosphere at 60° Fahr. and 80 ins. 
barometric pressure is 14*6757 lbs. per square inch. 

No. of atmos. x * 006557 = tons per square inch. 

Absolute pressure is the pressure from zero, or the 
pressure of the atmosphere added to the indication of the 
pressure gauge, say gauge pressure -|- 15 lbs. 
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All questions of expansion and compression of steam 
must be worked from absolute pressure or perfect yaenum 
line of indicator diagram. 





169. Pbopebties 


OF Satttrated Stibam. 




Absolute 


Gauge 


Sensible 
Temper- 
ature. 


Latent 


Total 


Weight 

of 

Cob. Foot 


BelatiTe 


Pretoore. 


Presenre. 


Heat. 


HeAt. 


Volmnp. 


14-7 


00 


212-0 


966-1 


1178-1 


•0380 


1642 


65 


50-3 


298-0 


906-3 


1204-3 


•1538 


405 


70 


55-3 


802-9 


902-9 


1205-8 


-1648 


378 


75 


60-3 


307-5 


899-7 


1207-2 


-1759 


853 


90 


75 3 


320-2 


890-9 


1211 1 


•2089 


298 


115 


100-3 


838-0 


878 5 


1216-5 


•2628 


237 



170. EzFBBiHsirrs on Eyapobation in Boilbbs. 



C1A8B. 



Cornish .. 
LaDcashire 
Galloway 
Field 



. . • . 



Size. 



20 H.P. 

25 

85 



w 



»» 



LbB. Water 
per lb. Coal. 



6-764 
7-547 
9«5 
10-9 



Lbs. Coal 

per 

cub. foot Water. 



9-212 
8-256 
6-579 
5-734 



171. Eyapobatiye Yalitb at Diffebent Tempebatubbs. 

In stating the evaporatiye power of a boiler it is nsnal to 
express it in terms of feed-water evaporated firom 212°. 
t = actual temperature of feed- water. 
T = total heat of steam under given pressure. 
c = cubic foot of water evaporated from <°. 
= „ » „ from 212° by same 

quantity of heat. 
T — t = heat imparted. 
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172. Loss OF Heat in Boilers. 

Assnming that it requires 10 lbs. of coal to evaporate 
1 cubic foot of water from 60° into steam at 60 lbs. per 
square inch gauge pressure, the loss of heat may be shown, 
as follows, to be about 50 per cent : — 
Total heat of combustion in 1 lb. of coal in 
British thermal units = 14,700. 
14,700 units per lb. x 10 lbs. coal .. .. = 147,000 

Steam at 60 lbs. pressure has a total heat of 
1207 units, 1207 - 60° temp, of feed- 
water = 1147 units per lb. of water. 
1 cub. foot water = 62 • 6 lbs. 62-5x1147 = 71,687 

Loss in chimney, 24 lbs. air, required to bum 
1 lb. coal. 24 X 10 = 240 lbs. to bum 
10 lbs. coal. Specific heat of air = ' 2374, 
temperature of escaping gases = 600°. 
240 X • 2374 X 600 = 34,186 

Loss in hot ashes, fuel dropped through, &c., 

say 10 per cent, of total heat = 14,700 

Loss by radiation and conduction, say 10 per 

cent = 14,700 

Loss by imperfect combustion, say 7j^ per cent. = 11 , 025 



146,297 



173. Heat in Boileb Fubnaoes. 

(1) Temperature of furnace, say about 2500 °F. 

(2) „ of escaping gases, say 600 to 1200 °P. 

(3) „ steam and water in boiler, say 300 °F. 

(4) „ water in condenser, say 100 °F. 
Difference between (1) and (2) is absorbed by the water in 

raising its temperature, by the steam as latent heat, and by 
the air entering furnace in excess of quantity required for 
combustion. 
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DiffiBfenoe between (2) and (3) is ntilised in creating 
draoght ; 600^ is the most economical temperature of escaping 
gases as it aUows sofficient difference of temperature for 
rapid passage of lieat to water, and the density is sufficiently 
reduced to give n^d ascending current in chimney shafL 

Difference between (3) and (4) is utilised in the engine. 

The diffarence of temperatnre or quantity of sensible heat 
does not by itself represent the comparatiYe efficiency. See 
article 172. 

174. Coal bubnt pxb squabs ioot of Fibb-osate. 



Cornish boilers for pumping engines 

„ and others for &ctory uses 
Marine boilers, ordinary rates 
Boilers with strong chimney draught 
Locomotiyes 



lbs.] 


yer hoar 


4 to 10 


10 


„15 


15 


„20 


20 


„30 


60 


»120 



175. Combustion of Fubl. 

Two to three lbs. oxygen = 120 to 180 cubic feet of air, 
required to bum 1 lb. of coal, or, assuming only f rds effisctive, 
180 to 270 cubic feet will be required. 

Air and smoke together equal about 2000 cubic feet per 
cubic foot water evaporated, temperature say 800° Fahr. 

Area of fire-grate = 1 square foot per N.fl.P. 

„ heating surface = 1 square yard per NJBE.P. 

Cubic feet evaporated per hour = N.H.P. of boiler. 

Steam space of boiler = quantity required for one revolu- 
tion of engine X 10. 

Water space = 5 to 10 cubic feet per N.H.P. 

Area of chimney in square inches = 

2 X 112 X N.H.P. or cubic foot per hour 

^ Height. 



NOTES m MEOHANIOAL ENGINEEBINa. 



73 



s 

9 



c = 



176. HoBSB-PowBB OP Boilers. 

heating sur^Ace in square yards, 
grate snrfieK^e in square feet. 

H.P = c{S + g) 

1 for ordinary coaL 
f „ good steam coal. 
^ „ best coal only. 

— B. Armstrong, 

a = area in sq. ft. of water surface in boiler -f- borizontal 
sectional area of furnace tube ih, Cornish or Lancashire 
boiler. 



Plain cylindrical boiler . . . . 



Gomish or Lancashire boiler . . 



Galloway boiler 



Multitnbular boiler 



Marine boiler (I.H.P. = 5 N.H.P. 



HP. = 



a 
6 
a 



6 to 8 

a 

^5 



5 to -8 



IS 



ito^S 



a/S^ 



1-8a/S^ 



The average number of cubic feet water evaporated per hour 
from cold feed with ordinary firing and good stdiam coal, is 
generally taken as the nominal n.P. of boiler, but half a 
cubic foot is sufficient to develop 1 indicated H.P. in most 
steam-engines. 

177. BOILEB FUBNAOBS. 

With bituminous fuel the layer in the furnace should be 
about 6 inches thick, and should never exceed 12 inches. 
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Thin firing is moie economical, bat requires more carefdl 
stoking. Fresh fael shonld be put in front of the fire and 
the red-hot fael pashed back, or shoald be spread thinly over 
the sorfftce after the hollows are filled up. With coke or 
hard coal the fire may be thicker, especially if a blast be used. 



178. Heating Subtacb of Boilxbs. 



Plain cylindrioal . . . . 
Cornish and LAncashire 
Multitubular 
Looomotiye 



Proportion of 

Heating Surface to 

Grate Surface. 



10-16 to 1 
15-25 to 1 
30-40 to 1 
60-80 to 1 



Heating Surfeu^e to 

Evaporation, 1 cubic 

foot per hour. 



square feet 
18 
14 

9 

6 



179. COMPASATIYE YaLUX OF HsATING SUBFACES. 

Area of shell exposed to flame = 1. 

Horizontal area above flame = 1. 

Sarface inclined towards flame = 1. 

Vertical sarfsice = ^. 

SarfiM)e inclined from flame = 0. 

Horizontal sarface below flame = 0. 
Internal cylindrical flaes = ^ circomference. 

Small tabes == f „ 

180. Fibe-Babs 

Shoald not exceed 3 feet in length. Ordinary furnaces 
shoald not exceed 6 feet in length, the bars in two lengths. 
Dead-plate shoald be 9 to 15 inches wide. Fire-bars say 
8 feet long, 3 inches deep in middle, f inch thick at top, 
tapered to f inch thick at bottom ; bevelled one end to rest 
on dead-plate, to allow for expansion, and notched at other to 
rest on wrought iron bearer: if notched both ends there 
shoald be not less than 1-inch play. Chipping faces or dis- 
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tance pieces on bars shonld be made at both ends and middle. 
Air spaces between bars f inch to f inch, usnally ^ inch. The 
fire-grate should incline downwards towards the back, ^ inch 
to f inch per foot. Passage above bridge = one-sixth area 
of grate. Perforations in furnace door f inch to ^ inch 
diameter, total area from 2 to 5 square inches per square foot 
fire-grate. 

181. BoiLEB Tubes. 



Class of Boiler. 


Ratio, Length to 
Diameter. 


Ratio, Tube Area 
to Grate Area. 


Multitubular boilers, with ohimuey^ 
draught / 

Locomotive boilers 

Small marine boilers, with high-1 
pressure engines / 

Lcu-ge marine boilers, with condensing) 
engines • / 


24tol 

120 to 1 

33 to 1 

20tol 


lto7 
lto4 
lto6 

lto3 



1 square foot of fire-box is equal to 3 square feet tube sur- 
face : ^ diameter should be left between the tubes for circu- 
lation and escape of steam. 

Heating surface of small tubes = f of circumference, of 
furnace tubes = ^ circumference. 

182. Tafeb of Plugs fob Boilsb-cooes. 

For pressures up to 30 lbs. per square inch, a taper of 1 
in 8 on each side is found to work well, but for pressures 
of about 100 lbs. a taper of 1 in 12 is necessary to insure 
tightness. Say 1 in 10 minimum for pressure of 60 lbs. 

183. BoiLEB Beatings. 

With old form of wheel draft the boiler was set on a mid- 
feather: this is the worst possible arrangement. Should 
be set on fireclay blocks forming side walls, ihe resting 
surfaces not wider than ^^^th diameter of boiler. 
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Fines should be large enough for s mmn to psas entirely 
ronnd, ares should be kept as nnifonn as poBKible, oameis 
ronnded, and angles filled np. 

Eztemallj fired boilers are frequently set with flash fines, 
i. e. the gases pass direcUj from furnace, oyer the bridge, 
and along bottom of boiler, to chimney. Boilers should be 
set with a fall of about 1 in 200 or ^ inch per foot towards 
front. 

184. SizB OF Faotobt Ohdinxt fob Boilkbs. 

W = weight of coal burnt in lbs. per hour. 
A = area of chimney in square feet at top. 
H = height of chimney in feet. 

Chimney for single boiler, area = ^ fire-grate. 

Do. under 150 feet high I _ i 

for more than one f » " Ti> » 

Do. over 150 feet high do. „ = -j^ „ 

. . , . . . , lbs. coal per hour x 12 
Area of cnmmey in square mches = /h Tit f t ' 

— Bourne. 

Area of chimney usually -^ area of fire-grate and 40 feet 
high. — Scott Bussell. 

20 square inches area per N.H.P. of engine. 

Height about 20 times internal diameter. 

Flues ^ area of fire-grate, diminishing to -^ at chimney. 

Height of chimney = 45 feet. 

« , . area fire-grate ^^ . , 

Area of chimney = - ,i. . i . v7 i kq " — Mjlswtck. 

^ ^height X 1*68 

Ordinary velocity of gases in chimney shaft = 2*4 ^H. 
Most economical temperature of escaping gases = 600° 
Fahr. 
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At this temperature the volame of air entering fomace is 
doubled on exit. 

A cubic foot of water requires 10 lbs. coal to evaporate it ; 
10 lbs. coal require 210 lbs. air for complete combustion, = 
say 2750 cubic feet. 

185. BbIOE CmMyBY-SHAFTS. 

The bond usually adopted is 1 course of headers to 4 of 
stretchers. 

Up to 120 feet high the top length is generally one brick 
thick ; above that height, top length 1^ brick thick. 

Height of any length of uniform section should not 
exceed 90 feet, and should be less in thin sections. 

Outside diameter at ground line should not be less than 
^th the height. 

45 feet is an ordinary height for two steam boilers, but in 
some towns, as Manchester and Leeds, the nm'niTmiTn height 
allowed is 90 feet. 

186. Sea-wateb. 

Proportion of salt in water of open sea, 32 to 38 parts per 
1000 ; Bed Sea 43, Baltic 6 * 6, Black Sea 21, Arctic Ocean 
28-6 British Channel 35*5, Mediterranean 38. — Tire, 

Average specific gravity of sea-water 1 • 027, pure distilled 
water being 1. Salts contained per 1000 : Chloride of Sodium 
25 parts, Muriate of magnesia 8, Sulphate of magnesia 2, 
Sulphate of lime 1, others 1, — total 32. — Faraday. 

Weight of one cubic foot, about 64* 14 lbs. 

187. BoiLBii Inobustation. 

Order of deposition of impurities as water becomes concen- 
trated : 

1. Carbonate of lime. 

2. Sulphate of lime. 



SL Sil» flf XRB, ai hmBB or oxideB, and some of these 



4. 1^ &l](m cr ahmrina, wmtlkj with mate or less of 



l$^. To Cauxxaxk Sob or Boildl 



Sit CVcxsi^ Kxlo' ijt tigb-iiium^re eagine: 

c^ rrliader in 



f - Kxkr p«Bn?e. IhsL per aq[oaie inch by gftoga. 

S s dchic £fiEC rtrtiii xvqmcd per hoar, aDowing 25 per 



S = l-25#^«r2BB60^sajia0d'«r»B. 

r s veliCTe Tisica^ of sseim at p prasBoie. 
W = weictt of vaser to be eiaporated in lbs., per hour. 

r 

c = conbossuB of cod in Ib& per a^naie foot fire-grate 
per bii>Qr« saj for Comish boQer = 12 lbs. 

# = en^vatkn in IhsL of irafe» from 6(P Fahr. per lb. 
of ciMdy saj £)r CVimish boiler = 7 lbs.. 

c X e = His^ water eT^nocafeed per square fixit fiio-grate 
per hoar. 

A = area of fire-grafte in square £9^ 

I = kngihof fire-grate in feet, saj 4*5 to 5*5. 

fi ^ width » » » 

A 
fi=|-+ *166. 
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D = diameter of boiler gliell = 2w. 
L = length of „ =4 D. 

When w exceeds 3*25, make two Cornish boilers or one 
Lancashire. 
For latter, D = 2}^ w (w being width of one famaoe). 

189. To Calottlatb Safety-yalyb LSYEBAaE. 

a = area of ybIyo in square inches. 

p = gauge pressure in lbs. per square inch. 

W= weight on end of lever in lbs. 

to =s weight of lever in lbs. 

to' = weight of valve in lbs. 

L = distance between weight and falcrum in inches. 

g =r do. centre of gravity of lever and do. 

I ss do. valve centre and do. 









p = . a = 



190. Ultihatb Stbenoth of Bohjbb-shell. 
Longitudinal strength : 

p dl = 2 tl c .\ p d =: 2 t c, 
2tc ^ P^ 

Transverse strength : 

p —r- = ir{t'\-d)te. 



TT 

divide by-^'then 
a 



,i«(l+i)u, 
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but -y will rarely exceed * 01, and may therefore be omitted. 
d 

d ^tc ^ p d 

or the transverse strength is donble the longitudinal. 

191. Collapsing Pbessubb of Boileb-tubes. 
Length not exceeding 15 diameters. 
Cylindrkal : 

p = 33-61 X (^i^^ j^)' '' —Fairhaim. 

Li d 

or logi> = 1-6266 + 2-19 log. 100 A; - log L (2 ; 
or approximately, 

800,000 <2 



1> = 



L(2 



EUipticcd : 

800,000*2 
p = — -' ^ , , r = radius of natter curve. 
L (2 r) 

800,000*2 ^ 2D2. ^ , XI. X ^. 

p= 1 X —J- Da are the two diameters 

L d 

in inches. 

192. boilbbs — compabison between bubsting and 

Collapsing Pbessubes. 

P = internal or bursting pressure in lbs. per square inch. 
p = external or collapsing „ „ „ 

c = ultimate strength of single rivetted joint = say 
30,000 lbs. 

I = length of unsupported cylindrical tube in feet. 
D = diameter of boiler in inches. 
d = „ tube „ 

T = thickness of shell plate in inches. 

t = „ tube „ „ 
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d 

E = ratio of tube diameter to shell diameter = j^* 

_, 2 T c 60,000 T 
^-D"=— D 

800,000 <2 
^=^ —Id 

P 60,000 TZd TZB 



p " 800,000 <2D 13' Bf 

13-3 (• 



.• . When P = jp, then I = 



RT 



193. Paotob of Safety, Steam Boilebs. 

Test pressure = ^ ultimate strength. 
Working pressure, if under periodical inspection, = 3^ do. 
Working pressure, if not under independent inspection, 
= ido. 

194. Testing Boilebs. 

Oovernment Yards. — New boilers to be tested to three times 
their working pressure. Boilers in use not to be worked 
more than 300 hours without being laid off for examination. 
To be tested periodically to twice their working pressure. 

Best private practice, — ^New boilers to be tested to twice 
their working pressure. Boilers in use not to be worked 
more than 1000 hours without being laid off for examination. 
To be tested after repairs to 1^ times their working 
pressure. 

195. Duty of Engines. 

8 = Standard of comparison in lbs : = 

Cwt. any coal .. ..112 lbs. 

Bushel Welsh coal .. 94 „ 
„ Newcastle coal.. 84 „ 
to = lbs. wt. coal burnt per I.H.P. per hour. 
n = no. of cwts. or bushels burnt per hour. 

G 
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Duty in ft.-lbB.pep standitrd = I»H.P. X 33.000 X 60 

n 

jy^ _ 33,000 X 60 X g 



Dnty in million ft-lbs. per cwt. = 



w 
221-76 



w 

Cornish dnty : 

g = gallons of water pnmped per honr. 
/ = feet lift of water pnmped. 

Duty = H^ 
n 

196. Stbam Pipes. 

Thickness between 2" and 12" diameter and np to 70 lbs. 
boiler pressure, cast iron, 

d + i^ = tin ^QthB of an inch ; 

for exhaust steam, suction, and ordinary low pressure pipes, 
cast iron, 

d-\-10 = tin ^nds of an inch. 



PAET VI. 
HYDRAULIC MACHINERY. 

197. SUMMABY OF HtDBAULIOS. 

The quantities discharged &om different apertures of simi- 
lar character vary directly as the areas, and as a/ altitudes. 
On account of friction, a small orifice discharges propor- 
tionally less water ; and of several orifices haying the same 
area, that with the smallest perimeter discharges most : hence 
a circular orifice is the most advantageous. 
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Water issning from a circular aperture is contracted at 

[Bossut • 666 1 
distance of ^ diameter from orifice, from 1 to) Yentori * 631 

[Eytelwein-64 

in area, called '* vena contracta." Vein contracts more with 

greater head, therefore discharge slightly diminished below 

theoretical discharge due to altitude. 

The discharge through a tube of diameter = length is the 
same as through simple orifice of equal diameter. The dis- 
charge increases up to a length of 4 diameters. 

The discharges through horizontal conduit pipes are 

directly as the altitudes and inversely as jj length. To have 
perceptible and continuous discharge, head must not be less 

than ^ . Vertical bends discharge less water than hori- 

zontal, and horizontal bends less than straight pipes. 

In prismatic vessels twice as much is discharged from the 
same orifice if the vessel be kept full, during the time it 
would take to empty itself. 

198. Comparison of Disohabge thbough vabious 

Apebtuqes. 

Theoretical velocity in feet per second = /y/ Head in ft. X 2 </. 

Theoretical discharge being 1 * , 
Short tube projecting into reservoir = • 5. 
Orifice in thin plate, 1" diameter = • 62. 
Tube 2 diameters long = * 82. 

Conical tube approaching form of contracted vein = '92.- 
Do. edges rounded off = ' 98. 

199. Useful Numbers in oonneotion with Watkb. 

A standard or imperial gallon of water was formerly 
277*274 cubic inches, is now 10 lbs. avoirdupois at 62°Fahr. 
and 30" bar. = 277-123 cubic inches or -160372 cubic 
feet. — Caj^U E. M. Shaw. 

a 2 



84 
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Cubic feet per minnte X 9000 = gaUons per 24 lioTxr& 

Head in feet x *434 = lbs. per sqnare inch. 

Lbs. per aqnare inch x 2*3 = foot-head. 

Tons X 224 = gallons. 

Diameter inchei^ -7- 10 = gallons per yard. 



200. DiSOHASGE THROUGH PiPBS FBOM NATURAL HeAD. 





d. 


c 


d. 


c. 


H = head of water in ft 

L = length of pip© in ft .. 

</ = diam. of pipe in inches . . 

e = constant < see Table) 
W = cub. ft. discharged per min. 
c 


I 

u 

H 

2 

2* 

3 

4 

5 

6 


4-71 

8-48 

13 02 

26-69 

46-67 

73-50 

151-02 

263-87 

416-54 


7 
8 
9 
10 
12 
15 
18 
24 
30 


612-32 
854-99 
1147-61 
1493-47 
2356 00 
4115-93 


W= /L 


6493-14 
13328-0 
23282-0 



— Beardmore, 

10 to 12 feet head is absorbed in friction per mile of 
pipe. — Bateman, 

201. Htdraulio Pressure Aooumulator, 

Invented by Sir W. 6. Armstrong in 1860, consists of 
yertical cylinder and ram, to the crosshead of which a load 
of 20 to 120 tons is hnng to create the pressnre necessary for 
working the machinery, obviating the nse of a high tower 
giving a natural head of water. 

The load is usually contained in a cylindrical easing. 
Clean washed heavy Thames ballast weighing 27 cwt. per 
cubic yard is the cheapest and best procurable in London. 
Where convenient, railway ballast may be used. Iron slag 
is sometimes used : it has the advantage of weight, and there- 
fore occupies less space, but is expensive and very awkward 
to handle. Copper ore slag is not suitable, owing to the 
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galvanic action set up. Water has been nsed for ballast 
where the pressure is required to be varied occasionally. 
Clay has also been used in its natural state, but is better 
when burnt. Iron kentledge, brickwork, cast-iron blocks 
and direct steam pressure have also been used by various 
manufacturers for producing the load. 

202. Fbbssubb in Pipe-Mains. 

Working pressure averages 700 lbs. per square inch when 
given by Accumulator, but may be from 350 lbs. to 1000 lbs. 

700 lbs. per square inch = 549*78 lbs. per circular inch, 
equivalent to 1613*2 feet-head. 

All pipes subject to the Accumulator pressure to be tested 
to 2,500 lbs. per square inch before leaving the works, and 
to 2000 lbs. per square inch after being laid. 

Water companies' pipes to be tested with a pressure equal 
to 500 feet-head, and while under pressure to be sounded 
firom end to end with a 5-lb. hammer 

Pressure in water companies' mains is at maximum between 
2 and 3 a.m., minimum 6 a.m. to 6 p.m., variation say from 10 
to 60 lbs. per square inch. 

203. Variation op Aooumulatob Pressubb dub to working 

OF Machinery. 

Normal pressure, say 700 lbs. per square inch. Average 
variation, from 50 lbs. below to 100 lbs. above the normal 
pressure. Maximum variation, 250 lbs. above and below, but 
this only occurs on a long line of pipe where the Accumulator 
is at some distance from the machine. 

204. Friction op Accumulators. 

P = pressure in lbs. per square inch taken at half stroke, 

Accumulator rising slowly. 
p = pressure in lbs. per square inch, Accumulator falling 
slowly. 
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/ = friction of ram in Iba. per sqnare inch. 

^ 2 

At the Marseilles Docks the friction of a 17-incIi Aeon- 
molator amounted to 7 * 355 lbs. per square inch, or not quite 
1 per cent of the gross load. — 'Kavoilwm. 

At Scottish Wharf the friction of a 17-inch Accumulator 
was 10 lbs. per square inch. 

205. AlB AOOUMULATOBS. 

W s working capacity in cubic feet of water. 
C = mean capacity for air in cubic feet. 
a = cubic feet air required at atmospheric pressure to 

charge Accumulator. 
p = mean pressure in lbs. per square inch. 



F = maTimum „ 

P' = yninimnm 



w » 



» >i >» 



P = ^W F = 






2C '20 

FW p 

^ = 2(p-F) ""-^IS" 

May be proportioned as follows : — 

D = inside diameter in feet. 
L = inside length in feet. 

D = ^-4244W L = 11D C = 3W. 

Total capacity divided thus : — 

Air under maximum pressure .. .. = ^ 
Water ,, j^ .. .. ^ -g^ 

Margin from level of outlet to lowest 

water level = -^j 

lip = 700, then P = 840 and P' = 600. 
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206. Vblocitt op Wateb thbough Pipes and Valves. 

With an Accumulator pressure of 700 lbs. per sqnare inch, 
tibe natural velocity (theoretical) is 322 * 32 feet per second. It 
is fonnd in practice that not more than -j^th of this can be 
obtained through the pipes and ^rd through the valves, in 
order to maintain the proper speed of the machinery. The 
loss firom friction in the pipes is about 1 lb. per square inch 
per 100 feet length, after they have been laid some time. 

In order to allow for the furring-up of the small pipes, it 
is not safe to reckon upon more than three times the dia- 
meter of pipe in inches as the velocity obtainable in feet per 
second. It is also usual to calculate the velocity through 
the valves at not more than 98 feet per second. 

207. Dbuveby op Wateb in Pipes. 

V = velocity in feet per second through pipe. 
a = area of pipe in square inches. 
d = diameter of pipes in inches. 
W = discharge in cubic feet per minute. 



va 



^ vu 2-4W ^ 2-4W 



Approximately: 



W = ^ t; = ?3 ^=^-7-. 



3 d^ 



208. TmcENEss op Htdbaulio Pipes. 

For Accumulator pressure of 700 lbs. per square inch: 
Inside diameter in inches -^-2 = thickness of metal in -J^ths. 
Filling pipes made by local firms, -^ inch thicker. 



88 notes in meohanioal enginebbina. 

209. Stbaih allowed on Wbouoht Ibon in Htdbatjlio 

Cranes. 

Tons per square inch. 
Tensioa. CompressioD. 

Ballast and coaling cranes .. ..2^ 1 

Warehouse and other cranes lifting 

from 1 to 5 tons 3 2 

Cranes lifting more than 5 tons •• 3^ 3 

210. Effbotiyb Psessube fob Htdbaulio Cranes and 

Hoists. 

I> s Accmnnlator pressure in lbs. per square inch, 
m = ratio of multiplying power. 

E = effectiye pressure in lbs. per square inch, including 
all allowances for friction. 

B =jp('84- -02 w). 

211. Speed of LnrriNa with Htdbaulio Poweb. 

Warehouse cranes and jiggers, 6 feet per second. 
Platform cranes and small luggage lifts, 4 feet per second. 
Passenger and waggon hoists, 2 feet per second. 
Maximum speed under any circumstances, 10 feet per 
second. 

Warehouse cranes, other formulsB. 

W = load in tons. 
h = height of lift in feet. 
V = velocity in feet per second. 

„ = _A_ t; = 10-80?. 

W + 10 h 

212. LiFTiNa Eams fob Htdbaulio Cbanes. 

W = load to be lifted in lbs. 
w = weight of ram, crosshead, sheaves, and chain. 
I = height of lift in feet. 
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m = mnltiplying power, 
e = coefficient of e£Eect = '84 — • 02 w. 
a = area of ram in square inches. 
8 = stroke of ram in inches, 
jp = Accmnulator pressure in lbs. per square inch. 
C = capacity of cylinder in cubic feet. 

For horizontal cylinders : 



pc 144 2>c' 

For vertical cylinders : 

^ _ Ww + w ^_ WZ + wg 
p c 144 pc 

For inverted cylinders : 

Ww —W ^ WZ — W8 

JP c 14:4, p c 

213. TufiNiNG Bams fob Htdbaulio Cbanes. 

W = load in tons. 
B = rake in feet. 
I = length between bearings in feet. 
d = diameter of turning drum in feet. 
p = Accumulator pressure, lbs. per square inch. 
m = multiplying power of turning cylinder (usually 2 

tol). 
a = area of turning ram in square inches. 

Alternative formulsB : — 

_120Wffw ^ _ 3000WBw 

Idp Idp 

a= (6906^°^) -3-3. 



90 NOTES nr MECHANIOAIi ENOINSEBINa. 

214. Abkab of Valyss fob Maohinsby undeb Agoumulatob 

Pbessubb. 

A s area of lifting ram. 

m = ratio of multiplying power. 

V = velocity of load in feet per second. 
y = velocity of water throngh valve, feet per second. 
W = weight of ram, crosshead, sheaves, chain, &c. in lbs. 

a =r area of lifting valve (mitred spindle), 
a* = area of lowering valve (mitred spindle). 

Av I Av 



'" ». As-sf 



V' 



W 

When cylinder is horizontal, then -— = area of return- 
ing ram. 

215. Abeas of Pobts m Slide Valves. 

V = velocity of load in feet per second. 
m = ratio of multiplying power. 
A = area of ram in square inches. 

Av 
Area of pressure port = -^- — (opening side, Vnshaped). 

•70 771 

Area of exhaust port = — - . 

98 m 

216. DiAPHBAGM Begulatob FOB Hydbattlio Maohineby. 

When a hydraulic crane or hoist works too quickly, and it 
is desired to reduce the speed to a safe limit, it is usual to 
partially close the stop valve ; but when there is a risk of 
this being interfered with, a brass diaphragm, -l^th diameter 
thick and about \ inch at edge, is placed in a pipe joint near 
the working valves. The hole in the diaphragm should be 
tapered, the small side being next to the machine. To find 
size : — 
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A = area of lifting ram, sq^uare inches. 
m = ratio of multiplying power. 

8 = speed of lifting chain with foil load foot second. 
p = accmnulator pressure, lbs. square inch. 

a = area of small side of hole (large side = twice dia- 
meter of small side). 

As 
a = 



6wVl-932jp- -046 



m 



217. COUNTBBWEIGHTS FOB CbANB ChAINS. 

The overhauling weights should be oval, i. e. egg-shaped, 
with small end on top to avoid catching under beams, &c. 
Hole for chain should be ^ inch larger than cross section of 
links, and interior should be cored out to ^ inch clear all 
round. The approximate weight of counterbalance required 
is ^th of the load. 

218. Meohanioal Value of Fluids undbb Fbessube. 

U = units of useful work in foot'lbs. 

p = pressure in lbs. per square inch: 

Q = quantity used in cubic feet. 

M = modulus of machine, or coefficient of efifect found by 

experiment, and varying with class of machine or 

arrangement. 

U = U42>QM. 

219. Mechanical Value of Wateb undbb Acoumulatob 

Pbbssube. 

Theoretically the mechanical value of water under Acer, 
pressure of 700 lbs. per square inch (549 • 78, say 650 lbs. 
per circular inch) is 100,800 foot-lbs., or 45 foot-tons per 
cubic foot of water, irrespective of the time in which, it is 
consumed ; or 3 • 0545 H JP. per cubic foot per minute ; or 
1 H.P. requires •82738 cubic feet per minute. 
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Approxiinaiely this equals 1 H.P. from 2 gallons of water ; 
bnt practically, allowing for all losses, about 3^ gallons are 
required, or 4 cubic feet will give out 100 foot-tons in 
work. 

220. POWEB BBQUIBED TO WORK HyDBAULIO MaOHINEBY. 

In hotels, wharves, &c., with several machines, allowance 
must be made for f of the machinery working to half the fall 
height every 1^ minute. 

.*. power per minute = f total capacity of machinery. 

At wharf with several cranes, J machinery full lift, every 
1^ minute. 

.*. power per minute = i capacity of machinery. 

At railway goods stations, docks, &c., where many 
machines are idle at one time, say ^ machinery full height, 
every 1^ minute. 

• * . power = ^ capacity of machinery. 

At small wharves where cranes are rapidly worked, all 
machinery, full height, every 1^ minute. 

.* . power = f capacity of machinery. 

221. PACEiNa FOB FoBOB Pumps. 

Cup-leatherg may be single, double, or treble. K single, 
the open end should be turned towards the delivery end of 
the pump. If double, they may be back to back or both 
turned towards delivery end of pump. If treble, two should 
be back to back, and the third put as a duplicate to the one 
turned towards delivery end. In all cases the back of the 
leather should be closely supported by a washer curved to 
the shape of the leather. Double leathers back to back are 
generally used, and last from 2 days to 4 months, average; 
say 1 month. Only the middle of the back of best oil- 
dressed hide is used. 

SpuThyam is sometimes used the same as for glands of 
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r 

hydraulic macliiiiery generally. It is plaited and formed 
into rings by splicing, soaked in tallow, and screwed up in a 
mould to form solid rings of exact size to fit pump. 

Bope is sometimes used in the same way, being selected of 
the exact diameter required. The two latter methods are 
said to last £rom 4 to 6 months, but there is probably more 
leakage than with leathers. 

222. Eppioibnoy op Pumps and Aooumulatob. 

B = any number of revolutions of engine. 

r = rise of accumulator in inches for same number of 
revolutions. 

D = diameter of accumulator ram in inches. 

d = diameter of pump ih inches (piston if double-acting, 

ram if single-acting). 

8 = stroke of pump in inches. 

n = number of pumps. 

Efficiency = -^ = . 

Loss per cent of working! _ 100 {(d^an'R) — (D^ -- r)} 
capacity of pumps .. j dFsrTR ' 

When all parts are in good order, the loss in the pumps 
averages 5 per cent. 

223. PowBB AND Speed op Hydeaulio Hauling Machines. 

Strain on Hauling Speed, 
Rope. ft. per min. 

Tj ., . (2000 lbs. 180 

Eailway capstans .. .. {^g^Q „ 200 

Barge „ .... IJ tons 120 

Ship „ .. .. 2Jto6 „ 80 

Bail way traversers .. 76 lbs. per ton of load. 

XT ' J. 1 . 1 375 lbs. per foot width 

Lock gate machines ., < . ,^ 

[ of entrance. 
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Aqueduct 4 

Arch 4 



ALL THE SUBJECTS. 

N06. 

Archimedean Screw 4 

Arming Press 4 and 5 

Armour 5 

Arsenic 5 

Artesian Well 5 

Assaying 6 

Artillery 5 and 6 

Atomic Weights . . . . 6 and 7 

Augur 7 

Axles 7 

Balance 7 

Ballast 7 

Bank Note Machinery . . . . 7 
Bam Machinery . . . . 7 and 8 

Barker's MiU 8 

Barometer 8 

Barracks 8 

Barrage Sand 9 

Battery 9 and 10 

Bell and Bell-hanging .. ..10 



Belts and Belting . . 10 and 11 

Bismnth II 

Blast Furnace .. .. 11 and 12 

Blowing Machine 12 

Body Plan 12 and 13 

BoUers 13,14,15 

Bond 15 and 16 

Bone Mill 16 

Boot-making Machinery . . . . 16 
Boring and Blasting . . .. 16 to 19 

Brake 19 and 20 

Bread Machine 20 

Brewing Apparatus .. 20 and 21 
Brick-making Machines .. ..21 

Bridges 21 to 28 

Buffer 28 

Cables 28 and 29 

Cam 29 

Canal .. 29 

Candles 29 and 30 

Cement 30 

Chimney 30 

Coal, Cutting and Washing Ma- 
chinery 31 

Coast Defence .. .. 31 and 32 

Compasses 32 

Construction . . . . 32 and 33 

Cooler 34 

Copper 34 

Cork-cutting Machine . . . . 34 

Corrosion 34 and 35 

Cotton Machinery 35 

Damming 35 to 37 

Details of Engines . . . . 37, 38 

Displacement 38 

Distilling Apparatus 38 and 39 
Diving and Diving Bells . . . . 39 

Docks 39 and 40 

Drainage 40 and 41 

Drawbridge 41 

Dredging Machine 41 



No«. 
Dynamometer 41 to 43 

Electro-Metallurgy .. .. 43,44 
Engines, Varieties . . . . 44, 45 
Engines, Agricultural . . 1 and 2 
Engines, Marine .. .. 74,75 

Engines, Screw 89,90 

Engines, Stationary . . . . 91, 92 

Escapement 45,46 

Fan 46 

File-cutting Machine . . . . 46 

Fire-arms 46,47 

Flax Machinery .. 47,48 

Float Water-wheels 48 

Forging 48 

Founding and Casting .. 48 to 50 

Friction 50 

Friction, Angle of 3 

Fuel 50 

Furnace 50, 51 

Fuze 51 

Gas 51 

Gearing 51, 52 

Gearing Belt 10,11 

Geodesy 52 and 53 

Glass machinery 53 

Gold 53,54 

Governor 54 

Gravity 64 

Grindstone 54 

Gun-carriage 54 

Gun Metal 54 

Gunnery 54 to 56 

Gunpowder 56 

Gun Machinery 56, 57 

Hand Tools 67,58 

Hanger 58 

Harbour 58 

Haulage 58,59 

Hinging 59 

Hydraulics and Hydraulic Ma- 
chinery 59 to 63 



Nos. 
Ice-making Machine 63 

India-rubber 63 

Indicator 63 and 64 

Injector 64 

Iron 64 to 67 

Iron Ship Building 67 

Irrigation 67 and 68 

Iflomorphion 68 

Joints 68 

Keels and Coal Shipping 68 and 69 

Kiln 69 

Knitting Machine 69 

Kyanising 69 

Lamp, Safety 69,70 

Lead 70 

Lifts, Hoists 70,71 

Lights, Buoys, Beacons 71 and 72 

Limes, Mortars, and Cements . . 72 

Locks and Lock Oates . . 72, 73 

Locomotive 73 

Machine Tools 73,74 

Manganese 74 

Marine Engine .. .. 74 and 75 

Materials of Construction 75 and 76 

Measuring and Folding .. ..76 

Mechanical Movements . . 76, 77 

Mercury 77 

Metallurgy 77 

Meter 77,78 

Metric System 78 

Mills 78,79 

Molecule 79 

Oblique Arch 79 

Ores 79,80 



Ovens 80 

Over-shot Water-wheel .. 80,81 

Paper Machinery 81 

Permanent Way 81,82 

Piles and Pile-driving 82 and 83 

Pipes 83,84 

Planimeter 84 

Pumps 84 and 85 

Quarrying 85 

Railway Engineering 85 and 86 

Retaining Walls 86 

Bivers 86,87 

Bivetted Joint 87 

Boads 87,88 

Boofs 88,89 

Bope-making Machinery . . . . 89 

Scaffolding .. .. 89 

Screw Engines 89,90 

Signals 90 

SUver 90,91 

Stationary Engine .. .. 91,92 
Stave-making and Cask Ma- 

chinery 92 

Steel 92 

Sugar Mill 92^93 

Surveying and Surveying In- 
struments 93,94 

Telegraphy 94,95 

Testing 95 

Turbine 95 

Ventilation 95,96,97 

Waterworks 96,97 

Wood- working Machinery 96, 97 
Zinc 96,97 



The complete Work can also be had hound in 3 Vols, cloth, price £5 5». 



E. & F. N. SFON, 16, Charing Cross. 
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WHITE STREET, MOORFIELDS, E.G., 

NEAR MOORGATE STREET STATION, AND THE TRAMWAY TERMINUS, 

in] union with 

The Society of Arts, the Government Department of Sclencs and Art, and 
the City and Quilda of London Technical Institute, 

Formerly held at Crosby Hall, and at Sussex Hall, 52, Leadenhall Street. 
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HIS GRACE THE LORD ARCHBISHOP OF CANTERBURY. 



THIRTY-SIXTH SESSION, 1883.4. 



SYLLABUS OP SUBJECTS 

UNDER 

ME, HENEY ADAMS, 

iW. Inst. C.E.f M, Inst, M.E„ &c.: 
Science Certificates: First Class Honours, First Place, 186^. 
Queen's Medalist in Science , and Certificated in Art, 



Technical Drawing. 
Building Construction. 
Machine Construction. 



Mechanical Engineering 
Calculation of Strains. 
Quantity Surveying. 



Land Surveying. 



For particulars of College Prizes, Syllabus of Work In other Classes. 
Examination Papers, List of Associates, Members and Registered Students, 
and a variety of useful Information, see the "College Calendar" for 1883-4 
price 6d., post free 8d. 



IXPC'RTAST NOTICE. 



...IIS 1^4 zbt «■■(■£* :» =•# XflohuoaT I>r»rt«f amd Conttruction 
: tt»* t.r-1 zi:-r% i: zit* iL».T Sussex Exjuoxazioss : — 1 Whitworth 
v-tMXTfci.y. £1.11 y - cf.Ta.». 1 ^-wtfx'f SUr^r Mfdml^ 1 Bronze Medal, 
II 7..4c«« n 3fiw«r^ 1S> v^M*m~« P*W9 wiA FtrBt-CIass Certijieatei, 
atu Ifr- .->.rmi*-..;iaw v4!>%uiaSfli. Tify km€ mim obtained in the 
Is-emi litrt/n •■ r-*xtiif«i — i5 Tlurd €^n»de Prizeg^ 42 Second Grade 
J— -.T*. cfci *» Ji^ -fr-c-fi* /'•* Jrcr2». Ti^ hare fmhued^ in addition, a 
■u^tf "*»•■»'«— !•- J*L>/#' £.-&£ o»f*.'^ JVviw cBitf Cirrtiiicat««. Excluding 
' fa.' K .•'•/•I •! S'^-tft'', * W« /m""j -■«. .xr-* fccT-f ii«m ^ J^rwarMl and 11 Elementary; 
:w. X .-. V. J a:^t3X* . 1 ■ - wr •« »**« «■ l?^7a, 1S76 aiul 1878. 



>«TV7L .-f tiitf imSfz.^ ir t^ C3ife»3raeiaan and the Surveying Classes 
ii^^v jccajKevL «.vx»i AyCVLs.vrtrn» sinx^ the Colkge, and employers 
jLATv f*^;i.<ii4l> <jL7frefii9«fvi ilf^ >ar^^«ction at the ability of those 
<=:;0k£^i >;• iz.'ei:!, A F.«iOia» i» kawt at the CoUese in which students 
wtrT— :£ ecurc.'Tn^u siaT eecer tbetr oaoies and addresses. 



F^rr^.-er ^s^U'^z^n^ &?v r>Et^«=t^lc«i «e viiiki* known among their younger 
rrwzLis il^ tbcilici» fsr 44»lr ar >rdei by the City of LoDd^m College. 
Tn^re ire --j-^ t.'rty Fr,-Jfesst rs aad Lecrorers upon the staff, ^ving 
i=.>tm>:t^:a it ;£rw:ud> c: ifty diffennit snlj^ects of Science, Art, 
I.Arat-adp^ a&d litcrascnsw Thr ;JjL5:9es are dirided into various sta^ses to 
*3i:5 :h* rr>>:T^:s> oi sj^irst* : all the nxims are amply ventilated and 
li^burd. Iz aiditio:! to t^ :r«ca* T«iiodicals and newspapers the Beading 
Bcvm IS proT>ied with nearr al* the Technical papers 

JOHX W. SHERWELL. 

Secretary, 



SYLLABUS OF LECTURES. 



Ol^trl^itkal gratoing antr ^anBixmtxan 



SHORT courses of Lectures are delivered from time to time in vaiious 
special subjects as supplementary to the ordinary class work. For 
particulars, see College Calendar (price 6d., post free 8d. ) 

The class in Technical Drawing was instituted in 1874, for the purpose 
of training students in the principles and practice of Drawing applied to 
the Arts of Construction, to prepare them for entry into Engineers' and 
Architects' Offices, or to perfect them in their duties if already engaged 
in a drawing office. Junior begmners are recommended to take this 
subject alone for one session, and then to take it in conjunction with one 
of the Construction Classes; neat draughtsmanship, being the iirst 
essential to a proper study of Construction. 

Students who are regular in their attendance will, under certain 
conditions, have the privilege of attending some of the meetings of the 
various professional societies. 

The following subjects, witn a few exceptions, are represented by an 
elaborate collection of over 850 diagrams drawn by hand to a large scale, 
coloured, and fully dimensioned, in order that the students may prepare 
from them workltig or finished drawings. Other subjects are discussed 
in the class lectures and illustrated by hand sketches on the black board 
and also by models, and photographs. As far as possible a progressive 
and connected course of instruction is given, typical details being selected 
for fuller demonstration. 

TECHNICAL DRAWING.— Instruments required— How to select 
them — How to cut the pencil points — Method of holding tee square— 
Mixing Indian ink— Practice in use of instruments — Laying on flat 
washes of colour — Primary and secondary colours — Practice in 
figuring and lettering — Practice in joining curves and lines— Meaning 
of the phrtLse ''drawing to scale" — Scales of various proportions — 
Irregular figures and block plans for practice in drawing to scale— 
. Copying plans by proportional squares — Scale for enlarging and 
reducing copies of drawings— Defects in instruments and liow to 
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remedv them- Drawing parallel lines by set squares only — Principles 
of shaaiDK- Shading by back lines— Boles for back lines— Shading 
by tlat tiiit» - Shading rivets and bolts — Simplest method of shading 
cvlindncal surfaces — Shading by uniform and graduated lines — 
Complete lihaJing of cur\'ed surfaces— Projection of shadows on flat 
burfacos— Table of colours to indicate various materials — Colouring 
for brickwork and concrete— Colourmg for earthwork sections— 
Coloanog for slate and tile roofing — Sectional shading in ink or 
pencil t4» represent various materials — Tinting and graining for fir 
and oak — Klevation of door head in ornamental brickwork— Tile 
paving— Claaeic mooldings— Projection in vertical, horizontal, and 
profile planes — Projection of spiral line or helix — Screw thread— 
V«?e and stiuan* thread screws — French curves — Construction of 
ellipHi' and parabola — Elliptical skylight — Elliptical brick arch over 
gateway — Elliptical stone arch— Angular projection — Projection of 
pulli'V at an angle— Isometrical projection—Construction of isomet- 
ncal Kcales— Outlines of arches; semicircular, segment, equilateral, 
lancet, tador. and ogee — Window tracery — Geometrical constructions 
— Convumiitn of French measures into English - Fluted pilaster and 
column— Entasis of columns -True elevation of skew arch — Piopor* 
tiunal scale for enlarging and reducing — Practical perspective as 
uHfd bv architects — Aitistic designs— Competition drawings— Draw- 
ixig'Ot^ce practice. 



BUILDINa CONSTRUCTION.- Joints in woodwork; halving, 
tenoning, morticing, dovetailing, mitreing, notching, cogging, fishing 
scarfing, and tabling— Joints in flooring — Sections of ogee and other 
mouldings Architraves— Ledgedand braced doors— Varietiesoffram- 
iii^% Htjuare framed, bead and butt, bead flush, moulded, and bolection 
moulded — Framed doors - Single, double and framed flooring— Wall 
plates and i>ole plates— Variousforms of roof s— Collar beam roof —King 
queen, and mansard roof trusses— Scantling of roof timbers — Angle- 
tie and dragon-piece— Quarter partition— Bricknogged partition— 
Ti-ussed partition — Lath and plaster — Framed partition- Bres- 
sunimers and flitch girders — Handrailing— Dog-legged and open 
newel staircases — Details of sashes and window frames — Wood fenc- 
11,^ — Portable gangways— Railway platforms— Wharf platforms and 
jetties— Timber trenches and excavations— Timber retaining walls 
— Shet^t planking in coffer dams — Timber piles and pile shoes - 
Tmiber bridges — Shoring and strutting — Strength of materials— 
Holding power of nails and screws— Shrinkage of timber in season- 
ing—Adhesion of glue— Varieties and properties of timber, <fec. 

Process of building brick walls— Advantages of bonding — Bond 
in brick work, various thicknesses — Bonding returns and party 
walls — Bonding angles, buttresses, Ac— Grouting — Brick paving, 
flat aod on edge— Plain, rough, and gauged arches — Brick piers- 
Sleeper walls — Brick fender — Door and window jambs — Wood 
plugs, and pallets- Footings and foundations— Damp-proof* 
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course — Concrete — Inverted arch — Discharging arch — Fooket for 
girder — Boundary walls — Dog's tooth moulding — Brick cornices — 
Baking courses - Barge and sailing courses — Corbelling-out and 
gathering in -Brick chimney with moulded cap — ^Varieties of bricks 
— Hollow brick walls — Section of dock— Brick and stone retaining 
walls— Oval brick sewer — Concrete walls and arches — Patent flooring 
and arches for fire-proof construction. 

Ashlar facing — Ashlar quoin— G-ranite base for column — Bubble 
walling; uncoursed, random coursed, and coursed — Stone steps and 
landings— Curtail step — Spandrel steps— Cramps, joggles, and dowels 
— Stone copings; parallel, tilted, feather-edged, and saddle-backed — 
Stone corbels and templates— Window sills and string courses — 
Weathering and throating— Chamfering and splaying— Chimney- 
piece — Balconies — Cornices— Pediments and caps— Balustrades — 
Bansome's patent stone — Masons' putty — Precautions in bedding and 
fixing stonework — Chief characteristics of the various periods of 
British architecture— Ancient orders of architecture — Measurement 
of Classic architecture. 



Laying lead flats — Drip in gutter and lead rolls— Step flashing — 
Syphon trap in lead pipe— Bell trap — P-trap— Draining and sanitary 
arrangements —Water service — Slating . for roofs — Zinc roofing- 
Painting — Materials used— Knot stop and prime— Oil colours — Dis- 
tempering — Whitewashing and limewashing — Glazing — Crown, 
sheet, and plate glass. 

Bolts, nuts, and washers — Tie bolts and straps — Gibs and 
cotters — Coach screws — Spikes, nails, and screws — Lewis bolts — 
Wrought and cast-iron sash frames — Air-bricks and gratings — Boiled 
iron joist — Biveted joints — Wrought-iron plate and box girders- 
Cast-iron girders and springers — Cantilevers— Cast-iron stancheons 
and columns— Wrought iron roof trusses — Wrought-iron hand^railing 
— Butterfly railing — Hawksley's patent steps— Lindsay's patent 
treads — Spiral staircases - Fire-proof vaulting — Corrugated iron 
roofing— Hand lifts — Hydraulic lifts — Screw piles — Lattice girders. 

Calculation of strains and strength of materials — Chief provi- 
sions of the Metropolitan Building Act — Setting out works— Inspect- 
ing and testing. 

MACHINE OONSTRUOTION— Transmission of power by shafting- 
Key and keyway — Journal - Belt pulley— Boiling and wrapping 
contact— Bushed bearing- Brass step — Box coupling for shaft — 
Half -lap and dovetail couplings — Footstep for vertical shaft — Open 
and crossed belts - Plummer block and brasses — Fly wheel — Crank 
pin— Wrought and cast-iron cranks — Cranked shaft — Slotted link — 
Motion pin — Split pin and washer — Single and double eye— Forked 
end of small connecting rod— Bolts and nuts— Whitworth standard 
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T^rtr-tinai — ?r«s=*r f :r tf^b^erins nuts — Box and claw spanners — 
l.t:« 3131 — Vir-j-JT* 5:c=* cf nixts — Varieties of bolts — Gib and 

t w^eel and pawl -Rack and pinion — 
— Rrretnif — Smfile and donble riveted joints 
fcSK Tir^ns f-fm*— Lip and bntt joints— Three-way and 
^^"^^7 nor^ — Eir xc£ — Mhrp Talre — Staffing box and gland>^ 
•^ *C3 ♦ T*n^-fi n- "aiB — SAf*tT Talre — Bamsbottom piston rings— 
'j-iiite :*» kad £r:Ai»£K^— Bseket ior lift pnmp— Piston and ram 
t:c ii OiCtit^Arsju ::^^e' p^np — Wrooght-iron pomp rods with coup- 
:*-2^ ^sii xaen — '7r:ii£Zit-iron solid flange coupling for screw 
:— 2.^*oKir-jc iCi<*T«- aad strap — Stn£ng box with metallic 
->kjiif TaLv« Ac-i tjfnbi^er face — Sxin and planet wheels— 
>a."^:c _r:, iiz i f :r->* n^p»— Bzitterfly valTe— IToshrooni valve— 
2* -iff T*-"^*— C-fcrkf — >wpTAATff — Throttle valve — Eccentric cam— 
zTjciritf :c .':&=. rcjcr-^atpnesa — Angle iron and plate shears — Cams 
i:e ;r-tix-:L=tf -lor:?^: T«^:^iy — H«artwheel cam — Snail and lobe 
■s%s:.t' — i.'XiK.'arie c»sl vrth x^ydrj carves— Crocodile shears— Lathe 
i-*.-"*? Lz i ."krr.-^r— Faor i^:« for lathe— Qoadrant bracket for 
■iorvv :i.iz z^ '.kZ-i — Crarc cirnsrefor foot latbe— Dog chuck — Lathe 
":^ — •^rfK'i Till-*T — >rLn ircm — Flat-linked chain— Short linked 
sacc rcaL=.— >ccd chaus— Chain shackle — Oval oonnterweight for 
rrazi« ^Iia:^— 0*:c:T^yaac« $hc«ve for chain — Cham hook — Bam-hom 
b.*oit — S«oc7cc^. K>rs:-e. az«J reversing gear for shafting— Beversiog 
£«nr scr zljcssix ^^•'~ tres— Ciaaafirs%tion of catting tools — ^Hewlett's 
iki; :;K*ftr« tr.<*\zz. fii»nzi£ — Robenson's friction gearing — Propor- 
<::■:=:» :f :4««g2i ::r «r'ir £««rir£— Manchester pitch— Cycloidal and 
<r-c>':l'." vLL i<*«h — Ii:voi:it* teeth— \^ illis* odontograph — Mitre 
v^«eLi- — 5«T«1 jtf*r.=^— Reversii:;; gears — Quick return motions— 
W.TE.-wh-i^l ac«l scrtw — Screw-cutting— To find change wheels for 
iiri:> azi i?-- rl* train*— Skew gearing — Skew belt — Reversing gear 
^y "b^it*— ril!:w block in wall— Hanging bracket for shafting— 
Var.vT-r* f :rsL» oi kevs^ and methods of keving — ^Varieties of screw 
ihiwals— Wh:t«vrt£ staadazd vee thread— American standard 
th.7e*i - R:v«c<d jciiitSw three and four {dates over-lapping— Propor- 
TivCj^ cf r.vrS5 iz> steam and watertight joints— Steam engine 
icveriior - Syrbon, piston, and needle lubricators — Wilson's imper- 
measor — R«^^ii=^ valve and standard— Cowbum's dead- weight 
safety rs2ve— Twin safety valve for boilers— Ramsbottom's safety 
valve — Gaotfe-cccks for boiler— Gauge-glass and fittings— Msmhole 
asd door — Boiler foraace — Parallel motions for land and marine 
c-:::;^.n«^ — Lisi motions— Clutch coupling— Fowler's clip drum- 
Snatch head— Snatch block- Block tackle — Screw jack — Hydraulic 
j4ck— Screw propeller— Spiral and volute qprings— Wrought and 
ca$t-in?n girders and colunms — Tnits employed in engineering cal- 
culations — Pnnciples of leverage — Virtual velocities— Construction 
«>f wlocity curves — ^Friction— Strains ; tension, compression, torsion, 
aliearicg. bending, elasticity— Co-efficient of effect or modulus-^ 
Factor of safety — Indicatordiagrams — Case-hardening — Chilled and 
malleable cast-in>n— Pattern making and moulding— Chief charac- 
teristics of various forms of Steam Engine and Boiler, Ac, &c. 
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CLASSES will meet in divisions as follow ; for day and time see Time 
Table, gratis in the Library. 

Technical Drawino— ^Beginners, Elementary, and Advanced (Designing). 
Building Construction — Do. do. do. and Honours. 

Machine Construction — Do. do. do. do. 

In these classes the students are expected to make, within the hour, 
a complete pencil drawing to scale from a large diagram, the subjects 
being so graduated in difficulty as to render this quite possible to all who 
attend regularly and keep up their practice. 

' The drawings have then to be inked in and coloured at home, the 
"finishj" depending upon the time and ability at command. After 
examination by the Professor the drawings are returned to the, students 
with written notes of any points requiring attention ; they are then 
collected, and at the close of the session sent to South Kensington for 
examination by the Art Department, when prized are awarded to all 
who show good progress. The drawings are finally returned to the 
gtndeuts on the firat class night of the ensuing Session. 

These Classes have been particularly successful at the various 
Examinations owing to the all-round excellence inculcated. Many 
employers ignore the Certificates of the Science & Art Department from 
the defective result produced in students by the system of ** cram " 
adopted in all the unattached Science claaseB. By the system adopted 
at tne City of London CoUege the students are sufficiently prepared for 
le various examinations while they are rendered really efficient 
(sistants to Engineers, Architects^ and others. The successes at South 
[ensington Science Examinations alone have been over 93 per cent, for 
the last ten years, while many students ^ave obtained appointments (by 
examination) in various Public Departments. 

FEES. — To any one Class 6s. 6d. per Term, or 16s. 6d. per Session of 
three Terms, including free admission to the Reading Boom, Coffee 
Boom, Concerts, Lectures, Entertainments, Divinity Class, and 
Debating Society. Library (optional) Is. 6d;. per Term extra. A 
reduction of Is. per Term is made on joining more than one Class. 

Text-Books Requibbd : Adams' " Class Notes with Note-book," 6d, 
Becommended for home study: — "Notes on Building Construction** 
(Bivingtons), vol. I. lOs. 6d. for beginners ; vol. II. 10s. 6d. for Elementary 
fitudents ; vol, in., £1 Is. for Advaiioed Students ; vol; TV.,' £1 li. for 
Honours students. ' * Shelley's Workshop Appliances " (Longmans), Ss. 6d. 
for Beginners; "Un win's Machine Design" (Longmans), 3s. 6d., for 
j^m^ntary and Advanced Stndemts.; Adams' *' Notes in Mechanical 
Enginieering," 28. 6d., for Honours students. 

Instruments and drawing materials can be ob]buned in the Classes, 
icti'd accommodation is provided for drawing-boards and T-squares to be 
left during the week. 
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^rcl^itectural Competttian^ 



Subject for J$$a-4:- 



TOWN SWIMftaNG BATH WITH ROOMS FOR CARETAKER 

AND ATTENDANTS. 

Pabticuljlbs:— Site 50 feet frontage x 120 feet deep. Bath to be 
about 30 feet x 60 feet in the clear, bottom sloping, shallow end next 
the entrance. Dressing boxes for bathers. W.C.'s. Pay office. Water 
supplied through Water Co.*b meter. Heating apparatus in rear with 
entrance from back road. Adjoining houses, party walls 35 feet high, 
30 feet deep from front to back. Iron roof to bath, top lighted, and 
ventilated. 

Drawings required: —Plans of bath, each floor of house, and roof. 
Elevation next street. Longitudinal and trajisverse sections. Details of 
iron roof. General scale J inch to 1 foot. Details not less than f inch 
to 1 foot. Size of sheets not to exceed 30^' x 22". Description not to 
exceed two pages of foolscap. 

Time: -The whole of the Drawings must be delivered to Mr. Adams 
not later than 1st May 18S4. 

Conditions of competition: — See College Calendar page 95. 
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Cibtl Ciighumng. 



A course of instruction in Civil Engineering is in contemplation, 
students who would be willing to attend next year if a convenient time 
can be arranged, are requested to send their names and addresses to 
Mr. Adams, 60, Queen Victoria Street, E.G. 




al^amcal ^tt^inetring. 



THIS Glass has been formed to prepare Engineering Students and 
Artisans for the Technological Examination of the Gi^y and Guilds 
of London Institute, it will be found particularly useful to Honours 
Students in Machine Construction, and to those competing for Whitworth 
Scholarships or Exhibitions of the Science and Art Department. The 
lectures are copiously illustrated by diagrams of machine details, formulae, 
and condensed information in a tabular form. 

The Course of instruction and the Examination, as decided by the 
Committee, will be founded upon such subjects as the following, but 
will not necessarily be confined to these subjects: — 

1. The properties of materials used in mechanical engineering, 
wrought-iron steel, cast-iron, brass, wood, &o. The behaviour of 
mat^als under strain; the strength of beams, shafts, brackets, &c. 
The action of chisels, hammers, punches, planes, shears, drills. Opera- 
tions of tempering, welding, riveting, caulking. (&c. Tools used in ti\e 
workshop. Machines used for labour-saving in the construction of small 
machinery, as milling, stamping, and screwing machines. 

2. Founding, moulding, and pattern making. 

3. Shafting, gearing, and general machinery. The fitting of pedestals, 
brackets, couplings, &o. ; the keying of wheels ; millwrights' work as in 
mortise wheels. Operations of the pattern-maker, founder, blacksmith, 
and turner, in connection with shafting and gearing. 

4. The steam Engine — stationary, marine, and locomotive. Opera- 
tions of the erecting and fitting shops. Operations of the pattern-maker, 
founder, blacksmith, and turner, in connection with steam-engines. 

6. Different kinds of boilers and boiler-fittings. The manufacture of 
boilers and riveted work generally, such as lattice and plate girders, 
roofs, Ac. ^ 
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6. Hydraulic m&chinery— Pumps, oentrifu^ and other turbines, 
water-wheels, hoists^ {iresfim emgineei the - hypostatic press, <&c., 
Operations of the pattern-maker, founder, blacksinith, and turner, in 
connection with hydraulic machinery. 

The Technological Examinations will be held at the College, and 
owe will be taken that the Ordinaiy or ** Pass" Stage shall be ol such a 
nature as to be passed by an intelligent workman at any meohaanoal 
eogineerinff trade, who, having alrtended tiie oourse of leeturee, and with 
some knowledge of the ecience subjects mentioned below, has inquired 
and read books about his trade. 

Those applying for the Full Technological Certificate will be 
required to have passed the Science and Art Department's Examination 
(at least in the Elementary Stage) in f wo of the following Science subjects, 
viz.:-Nos. I., II., v., VI., VII., X., XIX., XXH., all of which are taught 
in the College. . . , 

A Second Orade Certiftcaie in Fr^ehan^ aid Jifodel I>rawing together 
with one Science Certificate will be accepted in heu of the two Science 
Certificates named above. 

Certificates (First and Second Class), will be awarded to saeeessfnl 
candidates in each grade. Prl;ses, as follow, will be given in this subject, 
provided thd merits of the candidates justify the Examiners in awarding 
them:— 

xr»»/v,,«.o n^A^ 1 Ist Prize, £5 and Silver Medal 
Honours Grade | ^^^ p^^ ^g ^^ ^^^^ ^^^^ 

fist Prize, £S and Silver Medal. 
2nd Prize, £3 and Bronze Medal. 
8rd Prize, £2 and Bronze Medal. 
, 4th Prize, £1 and Bronze Medal. 
[ 5th Prize, a Bronze Medal. 

An additional Prize of £1 Is. will be given by Mr* Adams, for 
particulars see College Calendar. 

Fee 7s 6d. per TermorlOsGd. per Session of three Terms, including free 
admiBsion to the Beading Boom, Coffee Boom, Concerts, Liectures, 
Entertainments, Divinity Class, and Debating Society. A reduoiaon of 
8s. is made on taking out a Sessional Voucher for another Class, liibrary 
(optional), Is. 6d. per term extra. 

Text-book required: — Adams' "Notes in Mechanical Engineering" 

Books Becommended For Beperence: — Shelley's ** Workshop Appli- 
ances, " Anderson's ** Strength of Materials." Un win's '*Ma<fhine Design," 
Fairbairn's "Mills and Mill Work," Wormell's ''Thermodynamics," 
Perry's "^team," Bankine's **Steain Engine," Wilson's "Steam Boilers," 
Spretson's ** Casting and Founding," Knight'ja **Mecbanican," Moli- 
worth's " Pocket ±Jook." 

NOTE :— One of the 'Students attending these lectures passed in 
Honours Machine Construction, and obtained a Whitworth Scholarship 
of £100 per annum, at the last examination. 

The following certificates have been, obtained at the City Guilds 
Examinations, 1 First class Honours., 1 Second cl|hB3 Honours, 2 First 
' class Ordinary, 3 Second class Ordinary. 
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COURSE OF EI6BT ELEXENI'ASY LECTURES 

ON 

trains in |r0ntoffrk.'- 



u 



LcBCTUBB I. — Introdnoticm — Varieties and propeiiies of mm~-DefinitionB 
of load, stress, and strain— Yarious modes of strain — PopniMr use of 
term strain — Breaking weight — Safe load — Factor of safety— Stren^h 
of wrought-iron, steel, and cast-iron — Sectional area— Substitution 
of letters for words and figures — Formulffl— Leverage — ^^pi"W8ion into 
three orders — Principle of each identical — Power, weighty and 
fulcrum, terms only nonainal — Power or active force, weight or 
passive force — Leverage, simply a question of proportion— Conversion 
into formulsB— Examples. 

Lecturb n. — Pressure of loaded beams on the supports — Girde^rs and 
roofs found in same way— Load in centre and dut of centre — 
Parallelogram of forces — Definition and explanatioii — Composition 
and resolution of forces — tJse in finding effect of load on inclined 
struts — Horizontal thrust — Combination of para^elograms'*^ Graphic 
delineation of strains— Leverage by diagrams — Case, of similar 
triangles — Application to pressure of loaded girder on supports — 
Polygon of forces— ^Beciprooal diagram— Strain in a strut vcuries with 
the angle — Inclined s^uts — Value of trigonometry-- Oaksulations 
may be made without it«~Horizontal strut — ^Bxaxiiplesi 

IjEctuse. in. — Distributed load carried on horizontal beam-r^When 
inclined, strain varies with angle of bearing surface on support — 
Lean-to roof— Strain in pair of inclined raft^ — Span roof— Tie rod 
— King bolt — Trussed beam — Strains in same — Strength of girder 
aocording to method of fixing and position of load — Cantilevtt?i — 
Ordinary girders — Continuous girders — Typical form of oross-section 
of girder — action of load on a cantilever — Distribution of the strains 
— Investigation of leverage — Construction of fonnul88---Diagtam of 
strains; tension, compression and shearing— Strain at interrhediate 
points found by ordinateis'— Examples. 
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djuanlitg Sixrkgmg. 



In this ooorse of Lectures sufficient information is given to enable any 
intelligent student to take off all ordinary quantities, and bUl them in 
accordance with London practice. 

Lbctobb 1. —Taking off, squaring dimensions, abstracting, and bringing 

into bill. 
„ 2. — Excavator, and Concrete. 

, , 3. — Bricklayer and Tiler. Slater and Slate Mason. 
,, 4. — Mason. 
„ 6.~ Carpenter. 
6. — Joiner. 

7.— Do. and Ironmonger. 
8. — Smith and Founder. Gas-fitter and Bellhanger. 



»» 

»» 



,, 9. — Plasterer, Plumber and Zinc worker. 

,, 10. — Painter, and Decorator. Glazier, Paperhanger. 

,, 11. — Summary, and General Glauses, Pricing Estimates. 

TxxT-Boox BiBQuiRED :— Banister Fletcher's " Quantiticet" 6b. 
(Batoford). 



Intending students should have a practical knowledge of Building 
Construction equal to, at least, a first class in the Elementary Stage of 
the Science Examination. Questions and sketches for home work are 
supplied to students to practise them in taking off and billing quantities 
in proper form. 

A Prize of £1 Is. will be given by G. A. Pryce Cuxson, Esq., to the 
student who, having regularly- attended the' lectures . of the cutirent 
session, passes the best examination. Certificates of three grades will be 
awarded by the Council of the College. 



Fee for the Course £1 Is. including free admission to the 
Reading Rooms, Concerts, Entertainments, &c. 



In the Advanced Technical Drawing Class or Class for Drawing- 
office Practice, facilities are given to students who desire further exercise 
in taking off quantities from plans, the class being suppUed with a large 
number of complete sets of drawings for cottages, lodges, residences, 
warehouses, &c. The subsequent squaring, abstracting, and billing, 
may all be performed in the classes if desired. For day and time of 
meeting see Time Table, gratis in the Library. 
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COMPLETE COURSE OF LECTURES AND FIELD-WORK 



IN 



yantr Siirbeging antr %tbdlinQ. 



The subject is divided into five portions, as follow, each complete in 
itself. Subsequent courses in Town Surveying and Engineering Field 
Work will be given, should a sufficient number of students present them- 
selves. 



Part I.— CHAIN SURVEYING. (Eleven Lectures). 

Lectube 1. — Introduction — Scope of lectures — Origin of the term 
Geometry — Distinction between theoretical, or pure geometry, and 
practical or applied geometry — Principles upon which Land Surveying 
IS dependent — Difference between old system of surveying and modem 
systems — Objects in view in measuring land — Distinction between 
office and field work — Six selected problems in practical geometry — 
Linear measurement — British standard of length— Unit adopted 
varies in certain cases — Table of Linear measures — Squsbre 
measure —Unit adopted in measuring land — Table of square measures. 

Lectube 2.— Form of working in calculating areas — Pointing off — Rule 
for area of rectangular figure — Example — Rule for area of triangular 
figure when base and perpendicular are given— Example — Rule for 
area of triangular figure when sides only are given— Example— Rule 
for area of four-sided figure, having two sides parallel — Example- 
Irregular four-sided figure divided into two triangles by a diagonal 
— The same divided into two triangles and a trapezoid — Example — 
Method of tabulating the worMng — Drawing to scale or plotting— 
Description and use of chain scale— Decimal systenx 
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Field Lebson 5.— Surveying onhiUyground— Judging rise orfall— Taking 
same by protractor and plumbob —Ditto by surveyor's card— Survey 
of portion of hill including boundaries and footpaths. 

Field Lesson 6. — Complete survey of irregular field with hedges, 
ditches, &o. 

Part III.— LEVELLING. (Two Leotnres and Four Field 

•LeBsons). 

Lecture 1. — Introduction— Definition of levelling— Datum line — Dis- 
tinction between level and horizontal— Definition of a level surface 
— Description of Gravatt's Dumpy Level — Adjustments and mode 
of using — Description of sliding staff — Effect of curvature of earth- 
Correction for this — Correction for refraction — Apparent height and 
actual height — Formula for reduction of any given observation— 
When corrections are necessary, and how avoided — Error from 
omission not appreciable in ordinary sights. 

Lectube 2. - Ordnance survey maps — Ordnance datum— Trinity datum 
— lievels— Bench marks— Flying or running levels-^Check levels — 
Final levels — Main section — Cross sections — Field notes in level 
book — Back, intermediate, and fore sights — Bise or fall — Reduced 
level — Height above base — Checking by Totals— Allowable error — 
Distances — Correction for inclination, when required — Plotting 
sections. 

Field Lesson 1. — Time practice in setting up adjusting level -Beading 
staff on short and long sights— Ordnance Bench marks — Practice in 
taking fl3ring levels and returning to same point. 

Field Lesson 2. — Taking running levels with approximate section of 
route — Distances obtained by pacing— Minus readings — Third de- 
cimal, how dealt with — Comparison of totals, each student entering 
his own reading. 

Field Lesson 3. — ^Main and cross sections —Working levels. 

Field Lesson 4. — Staking out building plots on irregular ground with 

optical square— Taking levels from a single station — Shifting the 

station — Incidental work. 

Part IV.— THEODOLITE WORK, ELEMENTARY. (Three 

Lectures and Three Field Lessons). 

Lectube 1. — Introduction— Previous knowledge required, contained in 
preceding courses— Principle of theodoUte—Distinotion betwean 
theodolite surveying and chain surveying - Angular measni*ement~ 
Notes on angles— Unit of measurement— Sub-divisions — Protractors: 
circular, semi-circular, and rectangular— Construction of protraoton 
Scale of chords— Construction of scale of chords — To set off, or 
measure an angle, with a protractor or scale of chords — Terms used 
in connection with angles and triangles -Various useful propeirtieB 
of angles. 
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Lecture 2. — Vernier scale — Enlarged working model— Explanation — 
ConBtmction of theodolite — Setting np and ad jnsting— Taking mag* 
netio bearing — Beverse bearing— Taking horizontal angles— Bepeat- 
ing the angle— Taking vertical angles— Surveying by the compass 
bearings— By the back angle— By two stations— Field notes of survey 
from two stations, including chain lines and offsets. 

Lecture 3. — Cases in which theodolite is required — Surveying by back 
angle — Example of survey of lake — Check upon angles of a closed 
traverse — Example of survey of road through forest — Check observa- 
tion to a previous station — Example of survey of river — Calculation 
of areas. 

FiEiiD Lesson 1. — Practical work in setting up and adjusting theodolite, 
taking bearing of base line, reading angles. 

Field Lesson 2. — Practice in surveying by back angle. 

Field Lesson 3. — Survey of field froni two stations. 



Part v.— THEODOLITE WORK. TRIGONOMETRICAL. 
(Three Lectures and Three Field Lessons.) 

Note. — In this Course it is assumed tlmt Students have no previous knowledge 

of mathematics. 

Lecture 1. — Determination and comparison of angular magnitudes — 
Meaning of term ratio — Definition of the sine of an angle — Trigono- 
metrical functions and ratios — Assistance derived from mnemonics 
— Complement and supplement of an angle — Angles in the second 
quadrant — Examples. 

Lecture 2. — Construction of logarithms — Use of logarithmic tables — 
Table of natural sines and cosines — Table of tangents, <!^c— Examples. 

Lecture 3. — Formulae for heights and distances — Sketches shewing 
application— Examples. 

Field Lessons, 1 & 2. — Practical determination of heights and distances 
under various conditions— General triangulation work. 

FiEiD Lesson 3.— Use of box sextant, reflecting level, inclinometer, &c. 

The Field work is taken at various places in the vicinity of London, 
according to the nature of the work. The following places have been 
vitiited by the students : Clapham Common, Hampstead Heath, Primrose 
Hill. Muswell HiU, Hackney Marshes, Epping Forest, &c. When the 
number of the students renders it desirable additional instruments are 
provided, so that all may have a fair share of practice. 
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A Priae of £1 Ig. will be given by A. T. Walmisley, Esq., C.E., to the 
fitudent who, having regularly attended the Lectures and Field Work of 
the current session, passes the best Examination. Certificates of three 
grades will be awarded by the Council of the College. 

Fee:-ONE GUINEA. 

For each part of the course, including use of instruments and assistant, 
but exclusive of railway fares. 

The periods of meeting are approximately as follows: — Parti., January 
to March; Part II., February to March; Part III, March to April; 
Fart IV., April to May ; Part V., May to June ; Part VI., June to Jidy, 



A SUPPLEMENTARY COURSE OF 

ENGINEERING FIELD WORK. 

Will be given to follow the Land Surveying and Levelling when a 
sufficient number of students desire it. 

The following Syllabus shews the work comprised : — 

General route — Setting out ou the straight - Banging both ways- 
Instruments used— Banging pegs — Permanent Stakes —Level pegs - 
Bench marks— Staking at embankments and cuttings — Setting out side 
widths— Bridge sites— Gradients- Curves — Modes of designating radius 
— Angle of deflection— Banging curves with chain only— With one theo- 
dolite and chain— With two theodolites— Baker's system — ^Equi-distant 
six-point system — Checking by rectangular or oblique offsets — Curves on 
bridges and viaducts — Compound curves — Crossings and turnouts. 

Lectures and Field work, Fee: One Guinea. 



Students are requested to notify to Mr., Adams any change of address, 
in order that they may receive the Annual Syllabus immediately it is 
issued. 



BOOKS RELATING] 



TO 



APPLIED SCIENCE 

PUBLISHED BY 

E. & F. N. 8P0N, 

LONDON : i6, CHARING CROSS. . 

NEW YORK : 35, MURRAY STREET. 



A Pocket'Bookfor Chemists^ Chemical ManufacturerSy 

Metallurgists^ Dyers, Distillers, Brewers, Sugar Refiners, Photographers^ 
Students, etc,, etc. By Thomas Bayley^ Assoc R.C. Sc. Ireland, Ana- 
lytical and Consulting Chemist and Assayer. Second edition, "with 
additions, 437 pp., royal 32mo, roan, gilt edges, 5j. 

Synopsis of Contents : 

Atomic Weights and Factors— Useful Data — Chemical Calculations — Rules for Indirect 
Analysis — Weights and Measures— Thermometers and Barometers — Chemical Physics— 
Boiling Points, etc.-^Solubility of Substances— Methods of Obtaining Specific Gravity-rCon- 
version of Hydrometers — Strength of Solutions by Specific Gravity— Analysis — Gas Analysis^— 
Water Analysis — Qualitative Analysis and Reactions — Volumetric Analysis-^Manipulation— 
Mineralogy — Assaying — Alcohol — Beer — Sugar — Miscellaneous Technological matter 
relating to Potash, Soda, Sulphuric Add, Chlorine, Tar Products, Petroleum, Milk, Tallow, 
Photography, Prices, Wages, Appendix, etc., etc 

The Mechanician : A Treatise on the Construction 

and Manipulation of Tools, for the use and instruction of Yoiing Engineers 
and Scientific Amateurs, comprising the Arts of Blacksmithing and Foig- 
ing ; the Construction and Manufacture of Hand Tools, and the various 
Methods of Using and Grinding them ; the Construction of Machinfe Tools, 
and how to work them ; Machine Fitting and Erection ; description of 
Hand and Machine Processes ; Turning and Screw Cutting ; principles of 
Constructing and details of Making and Erecting Steam Engines, and the 
various details of setting out work, etc., etc. By Cameron Knight, 
Engineer. Containing 11 47 illustrations, and 397 pages of letter-press. 
Third edition, 4to, cloth, i%s. 
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On Designing Belt Gearing. By E. J. Cowling 

Welch, Mem. Inst Mech. Engineers, Autiior of 'Designing Valve 
Gearing.* Fcap. 8to, sewed, 6d, 

A Handbook of FormulcBy Tables^ and Memoranda, 

for Architectural Surveyors and others engaged in Building, By J. T, 
Hurst, C. £. Thirteenth edition, royal 32mo, roan, 5x. 

" It is no disparagement to the many excellent publications we refer to, to say that in our 
opinion thi» HtUe poocet-book of Hunfs is- the very best of them all, without any exceptbn. 
It would be useless to attempt a reca^tulation of the contents, for it appears to contain aomost 
every thine that anyone connected with building could require, and, oest of all, made up in a 
compact form for carrying in the pocket, measuring only 5 in. by ^ in., and about f in. thick, 
in a limp cover. We congratulate the author on Uie success of^his laborious and practically 
compiled little book, whidi has received unqualified and deserved praise from every profes- 
sional person to whom We have shown it."— The DubUm Guilder. 

The Cabinet Maker ; being a Collection of the most 

approved designs in the Mediaeval, Louis-Seize, and Old English styles, 
for the use of Cabinet Makers, Carvers, &c By R. Charles. 96 plates, 
folio, half-bound, lar. dd. 

Quantity Surveying. By J. Leaning. With 42 illus- 
trations, crown 8vo, cloth, 9^. 

Contents : 



A complete Explanation of the London 

Practice. 
General Instructions. 
Order of Taking Off. 

Modes of Measurement of the various Trades. 
Use and Waste. 
Ventilation and Warming. 
Credits, with various Examples of Treatment. 
Abbreviations. 
Squaring the Dimensions. 
Abstracting, with Examples in illustration of 

each Trade. 
Billing. 

Examples of Preambles to each Trade. 
Form for a Bill of Quantities. 
Do. Bill of Credits. 

• Do. Bill for Alternative Estimate. 
Restorations and Repairs, and Form of Bill. 
Variations before Acceptance of Tender. 
Errors in a Builder's Estimate. 



Schedule of Prices. 

Form of Schedule of Prices. 

Analysis of Schedule of Prices. 

Adjustment of Accounts. 

Form of a Bill of Variations. 

Remarks on Specifications. 

Prices and Valuation of Work, with 

Examines and Remarks upon each Trade. 
The Law as it affects Quantity Surveyors, 

with Law Reports. 
Taking Off after the Old Method. 
'Northern Practice. 
The General Statement of the Methods 

recommended by the Manchester Sodety 

of Architects for taking Quantities. 
Examples of Collections. 
Examples of" Taking Off" in each Trade. 
Remarks on the Past and Present Methods 

of Estimating. 



A Practical Treatise on Heat, as applied to the 

Useful Arts', for the Use of Engineers, Architects, &c. By Thomas 
Box. With li^ plates. Third edition, crown 8vo, cloth, I2J. 6/. 

A Descriptive Treatise on Mathematical Drawing 

. Instruments: their construction, uses, qualities, selection, preservation, 
and suggestions for improvements, with hints upon Drawing and Colour- 
ing. By W, F, Stanley, M.RX Fifth edition, zvith numerous illustrations, 
crown 8vo, cloth, 5^. 



PUBLISHED BY E. & F. N. SPON. 



Spons* Architects' and Builders Pocket-Book of Prices 

and Memoranda, Edited by W. Young, Architect. Royal 32mo, roan, 
4r. td. ; or cloth, red edges, 3^. 6r/. Published annually. Tenth edition. 
Now ready, 

Long-Span Railway Bridges y comprising Investiga- 
tions of the Comparative Theoretical and Practical Advantages of the 
various adopted or proposed Type Systems of Construction, with numerous 
Formulae and Tables giving the weight of Iron or Steel required in 
Bridges from 300 feet to the limiting Spans ; to which are added similar 
Investigations and Tables relating to Short-span Railway Bridges. Second 
and revised edition. By B. Baker, Assoc. Insf^ C.E. Plates^ crown 8vo, 
doth, 5^. 

Elementary Theory and Calculation of Iron Bridges 

and Roofs, By August Ritter, Ph.D., Professor at the Polytechnic 
School at Aix-la-Chapelle. Translated from the third German edition, 
by H. R. Sankey, Capt. R.E. With 500 illustrations^ 8vo, cloth, 15J. 

The Builders Clerk : a Guide to the Management 

of a Builder's Business. By Thomas Bales. Fcap. 8vo, cloth, is, 6d. 

The Elementary Principles of Carpentry. By 

Thomas Tredgold. Revised from the original edition, and partly 
re-written, by John Thomas Hurst. Contained in 517 pages of letter- 
press, and illustrated with 48 plates and 150 wood engravings. Third 
edition, crown 8vo, cloth, l8J. 

Section I. On the Equality and Distribution of Forces — Section^ II. Resistance of 
Timber — Section III. Construction of Floors — Section IV. Construction of Roofs — Sec- 
tion V. Construction of Domes and Cupolas— Section VI. Construction of Partitions- 
Section VII. Scaffolds, Staging, and Gantries — Section VIII. Construction of Centres for 
Bridges — Section IX. Coffer-dams, Shoring, and Strutting — Section X. Wooden Bridges 
and Viaducts — Section XI. Joints, Straps, and other Fastenings — Section XII. Timber. 

Our Factories, Workshops, and Warehouses: their 

Sanitary and Fire-Resisting Arrangements. By B. H. Thwaite, Assoc. 
Mem. Inst C.E. With 183 wood engravings, crown 8vo, cloth, 9J. 

Gold : Its Occurrence and Extraction, embracing the 

Geographical and Geological Distribution and the Mineralogical Charac- 
ters of Gold-bearing rocks ; the peculiar features and modes of working 
Shallow Placers, Rivers, and Deep Leads ; Hydraulicing ; the Reduction 
and Separation of Auriferous Quartz ; the treatment of complex Auriferous 
ores containing other metals ; a Bibliography of the subject and a Glossary 
of Technical and Foreign Terms. By Alfred G. Lock, F.R.G.S. IVith 
numerous illustrations and maps, 1250 pp., super-royal 8vo, cloth, 

2/. I2s. dd, 

•^ 1. 
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Progressive Lessons in Applied Science. By Edward 

Sang^ F.R.S.E. Crown 8vo, doth, each Part, 5;. 

Part t. Geometry on Paper— Part a. Solidity, Weight, and Pkessure — Part 3. Trigono- 
metry, Vision, and Surveying Instruments. 

/ 

A Practical Treatise on Coal Mining. By George 

G. Andr^, F.G.S., Assoc. Inst C.E., Member of the Society of Engmeers. 
With 82 lithographic plates, 2 vols., royal 4to, cloth, 3/. 12s. 

Sugar Growing and Refining: a Comprehensive 

Treatise on the Culture of Sugar-yielding Plants, and the Manufacture, 
Refining, and Analysis of Cane, Beet, Maple, Milk, PalAi, Sorghum, 
and Starch Sugars, with copious statistics of their production and com- 
merce, and a chapter on the distillation of Rum. By Charles G. 
Warnfori) Lock, F.L.S., &c, and G. W. Wigner and R. H. Harland, 
FF.C.S., FF.I.C. mth 205 iUustrations^ 8vo, doth, 3ar. 

Spons^ Information for Colonial Engineers. Edited 

by J. T. Hurst. Demy 8vo, sewed. 

No. I, Ceylon. By Abraham Deane, C.E. zs, dd. 

Contents : 

Introductory Remarks— Natural Productions— Architecture and Engineering— Topo- 
graphy, Trade, and Natural History— Principal Stations— Weights and Measures, etc., etc. 

No. 2. Southern Africa, including the Cape Colony, Natal, and the 
Dutch Republics. By Henry Hall, F.R.G.S., F.R.C.I. With 
Map. y, td. 

Contents : 




Draught Purposes— Statistical Notes — ^Table of Distances— Rates of Carriage, etc. 



No. 3. India. By F. C. Danvers, Assoc. Inst. C.E. With Map. 4r. 6</. 

Contents : 

Physical Geography of India — Building Materials— Roads— lUilways — Bridges— Irriga> 
tion — River Works — Harbours— Lighthouse Buildings— Native Labour— Tlie Principal 
Trees of India— Money— 'Weights and Measures— Glossary of Indian Terms, etc. 

A Practical Treatise on Casting and Foundings 

including descriptions of the modem machinery employed in the art. By 
N, E. Sprktson, Engmeet. TVvixd ^didon, with 82 plates drawn to 
scale, 412 pp., demy 8vo, cVoOa, i^s. 



PUBLISHED BY E. & F. N. SPON. 



The Clerk of Works: a Vade-Mecum for all engaged 

in the Superintendence of Building Operations. By G. G. HOSKINS, 
F.R.I.B.A. Third edition, fcap. 8vo, cloth,' u. dd. 

Tropical Agriculture ; or, the Culture, Preparation, 

Commerce, and Consumption of the Principal Products of the Vegetable 
Kingdom, as furnishing Food, Clothing, Medicine, etc., and in their 
relation to the Arts and Manufactures ; forming a practical treatise aiK) 
Handbook of Reference for the Colonist, ManiSisicturer, Merchant, and 
Consumer, on the Cultivation, JPreparation for Shipment, and, Commercial 
Value, etc., of the various Substances obtained from Trees and Plants 
entering into the Husbandry of Tropical and Sub-Tropical Regi(His. By 
P. L. SiMMONDS. Second edition, revised and improved, 515 pages, 
8vo, cloth, i/. IS, 

* r 

Steel : its History, Manufacture, and Uses. By 

J. S. Jeans, Secretary of the Iron and Steel Institute. 860 pages and 
2/^plateSi 8vo, cloth, 36J. 

American Foundry Practice: Treating of Loam, 

Dry Sand, and Green Sand Moulding, arid containing a Practical Treatise 
upon the Management of Cupolas, and the Melting of Iron, By T. I>. 
West, Practical Iron Moulder and Foundry Foreman. Second edition, 
with numerous illustrations^ crown 8vo, cloth, lox. 6a?l- 

The Maintenance of Macadamised Roads. By T. 

CODRINGTON, M.I.C.E, F.G.S., General Superintendent of County Roads 
for South Wales, 8vo, cloth, 6j. 

Hydraulic Steam and Hand Power Lifting and 

Pressing Machinery, By Frederick Colyer, M. Inst C.E., M. Inst M.E. 
With 'J2tP^<^i^i 8vo, cloth, i&r. 

Pumps and Pumping Machinery. By F. Colyer, 

M.LC.E., M.i.M.E» With 2^ folding plates, 8vo, cloth, I2j. 6^. 

^ Tables of the Principal Speeds occurring in Mechanical 

Engineering, expressed in metres in a second. By P. Keerayeff, Chief 
Mechanic of the Obouchoff Steel Works, St. Petersburg'; translated by 
Sergius Kern, M.E. Fcap. 8vo, sewed, 6^. 

Girder Making and the Practice of Bridge Building 

in Wrought Iron, illustrated by Examples of Bridges, Piers, and Girder 
Work, etc., constructed at the Skerne Iron Works, Darlington, by 
Edward Hutchinson, M. Inst. M.E. With 35 plates, demy 8vo^ 
cloth, 10/. 6^. . 



CATALOGUE OF SCIENTIFIC BOOKS 



Spans* Dictionary of Engineerings Civile Mechanical, 

Military, and Naval; with technical tenns in French, German, Italian, 
and Spanish, 3100 pp., and tuarfy^ 8000 engravings, in snper*royal 8vo, 
in 8 cUvisions, 5/. &f. Complete in 3 vols., cloth, 5/. 5x. Bound in a 
superior manner, half-morocco, top edge gilt, 3 vols., 6/. 12J. 

Seepage 15. 

A Treatise on the Origin, Progress, Prevention, and 

Cure of Dry Rot in Timber; with Remarks on the Means of Preiserving 
Wood from Destruction by Sea- Worms, Beetles, Ants, etc. By Thomas 
Allen Brixton, late Surveyor to the Metropolitan Board of Works, 
etc, etc. With 10 plates, crown 8vo, cloth, yx. fid. 

Metrical Tables. By G. L. Molesworth, M.I.C.E. 

32mo, cloth, IX. fid. 

Contents. 

General— Linear Measures — Square Measures — Cubic'Measures— Measures of Capacity — 
Weights— Combinations — Thermometers. 

A Handbook of Electrical Testing. By H. R. 

Kemfe, Member of the Society of Telegraph Engineers. New edition, 
revised and enlarged, with 81 illustrations. Crown 8vo, cloth, I2x. dd. 

Electro 'Telegraphy. By Frederick S. Beechey, 

Telegraph Engineer. A Book for Beginners. Illustrated, Fcap. 8vo, 
sewed, dd, 

Handrailing : by the Square Cut. By John Jones, 

Staircase Builder. Fourth edition, with seven plates, 8vo, cloth, 3/. 6d, 

Handrailing: by the Square Cut, By John Jones, 

Staircase Builder. Part Second, with eight plates, 8vo, doth, 3J. 6d, 

The Gas Consumers Handy Book. By William » 

Richards, C.E. Illustrated, i8mo, sewed, 6^. 

Steam Heating for Buildings ; or, Hints to Steam 

Fitters, being a description of Steam Heating Apparatus for Wanning 
and Ventilating Private Houses and large Buildings ; with Remarks on 
Steam, Water, and Air in their relation to Heating ; to which are added 
miscellaneous Tables. By J. W. Baldwin, Steam Heating Engineer. 
With many illustrations. Second edition, crown 8vo, cloth, 10^. 6d, 
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A Pocket-Book of Useful Formulce and Memoranda 

for Civil and Mechanical Engineers, By GuiLFORD L. MoLESWORTH, 
Mem. Inst. C.E., Consulting Engineer to the Government of India for 
State Railways. With numerous illustrations^ 744 pp. Twenty-first 
edition, revised and enlarged, 32mo, roan, 6x. 

Synopsis of Contents: 

Surveying, Levelling, «etc.— Strength and Weight of Materials— Earthwork, Bridcwork, 
Masonry, Arches, etc.---Struts, Coliunns, Beams, and Trusses— Flooring, Roofing, and Roof 
Trusses—Girders, Bridges, etc. — Railways and Roads — Hydraulic Formulae— Canals, Sewers, 
Waterworks, Docks — Irrigation and Breakwaters — Gas, Ventilation, and Warminff— Heat, 
Light, Colour, and Sound — Gravity: Centres, Forces, and Powers — Millwork, Teeth of 
Wheels, Shafting, etc. — ^Workshop Recipes — Sundry Machinery^'Animal Power— Steam and 
the Steam Engine— Water-power, Water-wheels, Turbines, etc. — Wind and Windmills- 
Steam Navigation, Ship Building, Tonnage, etc.— Gunnery, Projectiles, etc.— Weights, 
Measures, and Money — ^Trigonometry, Come Sections, and Curves— Telegraphy — Mensura* 
tion— Tables of Areas and Circumference, and Arcs of Circles— IjOgarithms, Square and 
Cube Roots, Powers — Reciprocals, etc.— Useful Numbers— Differential and Integnal Calcu- 
lus — ^Algebraic Signs— Telegraphic Construction and Formulae. 

Sponi Tables and Memoranda for Engineers; 

selected and arranged by J. T. Hurst, C.E., Author of 'Architectural 
Surveyors* Handbook,' * Hurst's Tredgold*s Carpentry, * etc. Fifth edition, 
64mo, roan, gilt edges, \s, ; or in cloUi case, \s, 6d, 

This work is printed in a pearl type, and is so small, measuring only ai in. by zf in. by 
i in. thick, that it may be easily carried in the waistcoat pocket. 

" It is certainly an extremely rare thing for a reviewer to be called upon to notice a volume 
measuring but ai in. by zf in., yet these dimensions faithfully represent the size of the handy 
little )>ook before us. The volume— which contains zi8 printed pages, besides a few blank 
pages for memoranda— b, in fact, a true pocket-book, adapted for being carried in the waist* 
coat pocket, and containing a far greater amount and variety of information than most people 

would imagine could be compressed into so small a space The litde volume has been 

compiled with considerable care and judgment, and we can cordially recommend it to our 
readers as a useful little pocket compsaaon."—£f^iMeeru^. 

Analysts, Technical Valuation^ Purification and Use 

of Coal Gas, By the Rev. W. R. Bowditch, M. A. With wood engravings^ 

8vo, cloth, I2s, 6d, 

Condensation of Gas— Purification of Gas — Light— Measurinfl^Place of Testing Gas — 
Test Candles— The Standard for Measuring Gas-light — ^Test Burners— Testing Gas for 
Sulphur— Testing Gas for Ammonia— Condensation by Bromine— Gravimetric Method of 
taking Specific Gravity of Gas — Carburetting or Naphthalizing Gas — ^Ace^lene^ExpIosions 
of Gas — Gnawing of Gaspipes by Rats— Pressure as related to Public Lighting, etc. 

A Practical Treatise on Natural and Artificial 

Concrete, its Varieties and Constructive Adaptations, By Henry Reid, 
Author of the * Science and Art of the Manufacture of Portland Cement/ 
New Edition, with 59 woodcuts and $ plates, 8vo, cloth, 15X. 

Hydrodynamics : Treatise relative to the Testing of 

Water- Wheels and Machinery, with various other matters pertaining to 
Hydrodynamics. By James Emerson. With numerous illustrations ^ 
360 pp. Third edition, crown 8vo, cloth, 4f. dd. 
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The Gas Analyst's Manual. By F. W. Hartley^ 

Assoc Inst. C.E., etc. With • numerous Ubairations, Crown 8vo, 
cloth, 6s, 

Gas Measurement and Gas Meter Testing. By 

F. W. Hartley. Fourth edition, revised and extended. Illustrated^ 
crown 8vo, cloth, 4/. 

The French' Polisher s Manual. By a French- 

Polisher; containing Timber Staining, Washing, Matching, Improving, 
Painting, Imitations, Directions for Staining, Sizing, Elmbodying^ 
Smoothing, Spirit Varnishing, French-Polishing, Directions for Re- 
polishing. Third edition, royal 32mo, sewed, 6d, 

HopSy their Cultivation^ Commerce^ and Uses in. 

various Countries, By P. L. SiMMONDS. Crown 8vo, cloth, 4r. 6^. 

A Practical Treatise on the Manufacture and Distri- 
bution of Coal Gas, By William Richards, Demy 4to, with numerous 
wood engravings and 29 plates^ cloth, 2&r. 

Synopsis of Contents : 

Introduction — History of Gas Lighting — Chemistry of Gas Manufacture, by Lewis 
Thompson, Esq., M.R.C.S.—- Coal, with Analyses, by J. Paterson, Lewb Thompson, and 
G. R. Hislop, Esqrs. — Retorts, Iron and Cfay — Retort Setting — Hydraulic Main — Con- 
densers— Exhausters -—Washers ajid Scrubbers-^Purifiers— Purification »- History of Gas 
Holder— Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular 
Wrought-iron— Specifications— Gas Holders — Station Meter— Governor — Distribution — 
Main^— Gas Mathematics, or Formulae for the Distribution of Gas, by Lewis Thompson, £s<^.— 
Services — Consumers' Meters— Regulators— Burners— Fittingsr— Photometer— Carbtuization 
of Gas— Air Gas and Water Gas— Composition of Coal Gas, by Lewis Thompson, Esq.- 
Analyses of Gas — Influence of Atmospheric Pressure and Temi)erature on Gas— Residual 
Products— Appendix — Description of Retort Settings, Buildings, etc., etc. 

Practical Geometry and Engineering Drawihg ; a 

Course of Descriptive Geometry adapted to the Requirements of the 
Engineering Draughtsman, including the determination of cast shadows 
and Isometric Projection, each chapter being followed by numerous 
examples; to which are added rules for Shading Shade-lining, etc., 
together with practical instructions as to the Lining, Colouring, Printing, 
and general treatment of Engineering Drawings, with a chapter on 
drawing Instruments. By George S. Clarke, Lieut. R.E., Instructor 
. in Mechanical Drawing, Royal Indian Engineering College. 20 plates, 
4to, doth, 15^. 

The Elements of Graphic Statics. By Professor 

ICarl Von Ott, translated from the German by G. S. Clarke, Lieut 
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering 
College. With 93 illustrations, crown 8vo, cloth, 5J, 

The Principles of Graphic Statics. By George 

Sydenham ,Clarke, Lieut. Royal Engineers. With 112 illustrations, 
4to, cloth, lis, 6d, ' 
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The New Formula for Mean Velocity of Discharge 

of Rivers and Canals, By W, R. KuTTER. Translated from articles in 
the * Cultur-Ingenieur,* by Lowis D*A. Jackson, Assoc. Inst. C.E. 
8vo, doth, lis, 6d, 

Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engineers, etc., etc. By Thomas Box,' Fifth edition, 
numerous plates^ post 8vo, cloth, 5j, 

A Practical Treatise on the Construction of Hori- 
zontal and Vertical Waterwheels, specially designed for the use of opera- 
tive mechanics. By William Citllen, Millwright and Engineer. IVith 
II plates. Second edition, revised and enlarged, small 4to, doth, I2s. 6d, 

Aid Book to Engineering Enterprise Abroad, By 

EwiNG Matheson, M. Inst. C.E. The book treats of. Public Works 
and Engineering Enterprises in their inception and preliminary arrange- 
ment ; of the different modes in which money is provided for their 
accomplishment ; and of the economical and technical considerations by 
which success or failure is determined. The information necessary to 
the designs of Engineers is classified, as are also those particulars by 
which Contractors may estimate the cost of works, and Capitalists the 
probabilities of profit. Illustrated^ 2 vols., 8vo, 12^*. (id, each. 

The Essential Elements of Practical Mechanics ; 

based on the Principle of Worky designed for Engineering Students. By 
Oliver Byr^je, formerly Professor of Mathematics, College for Civu 
Engineers. Third edition, with 148 wood engravings^ post 8vo, cloth, 
*js, 6d, 

Contents : 

Chap. I. How Work is Measured by a Unit, both with and without reference to a Unit 
of Time — Chap. 2. The Work of Living Agents, the Influence of Friction, and introduces 
one of the most beautiful Laws of Motion — Chap. }. The principles expounded in the first and 
second chapters are applied to the Motion of Bodies — Chap. 4. The Transmission of Work by 
simple Machines— Chap. 5* Useful Propositions and Rules. 

The Practical Millwrighis and Engineers Ready 

Reckoner; or Tables for finding the diamete^ and power of cog-wheeU, 
diameter, weight, and power of shafts, diameter and strength of bolts, etc. 
By Thomas Dixon. Fourth edition, i2mo, cloth, 3^. 

Breweries and Mailings : their Arrangement, Con- 
struction, Machinery, and Plant. By G. Sgamell, F.R.I.B.A. Second 
edition, revised, enlarged, and partly j-ewritten. By F. Colyer, M.I.C.E., 
M.I.M.E. mtA 20 plates, 8vo, doth, i&r. 

A Practical Treatise on the Manufacture of Starchy 

Glucose, Starch-Sugar, and Dextrine, based on the German of L. Von 
Wagner, Professor in the Royal Technical School, Buda Pesth, and 
other authorities. By Julius Frankel ; edited by Robert H utter, 
proprietor of the Philadelphia Starch Works. With 58 illustrations, 
344 pp., 8vo, cloth, i8j. 
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A Practical Treaiise on MilUgearingy Wheels^ Shafts, 

Xiggers, etc.; for the use of Engineers. By Thoicas Box. Third 
edition, with 1 1 plates. Crown 8to, doth, 7^-. (id. 

Mining Machinery: a Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining: By G. G. 
Andr^, F.G.S., Assoc. Inst C.E., Mem. of the Society of Engineers. 
Royal 4to, uniform with the Author's Treatise on Coal Mining, con- 
taining 182 platesy accurately drawn to scale, with descriptive text, in 
2 vols., cloth, 3/. I2J. 

Contents : 

Machinery for Prospecting, Excavating, Hauling, and Hoisting— Ventilation — Pumping— 
Treatment of Mineral Products, including Gold and Silver, Copper, Tin, and Lead, Iron, 
CoaU Sulphur, China Clay, Brick Earth, etc. 

Tables for Setting out Cu^rves for Railways, Canals, 

Roads^ etc,^ varying from a radius of five chains to three miles. By A. 
Kennedy and R. W. Hackwood. Illustrated, 32mo, cloth, 2/. (id. 

The Science and Art of the Manufacture of Portland 

Cement, with observations on some of its constructive applications. With 
66 illustrations. By Henry Reid, C.E., Author of *A Practical 
Treatise on Concrete,' etc., etc. 8vo, cloth, i8x. 

The Draughtsman's Handbook of Plan and Map 

Drawing; including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings. With numerous ilhtstrations 
in the text, and 33 plates (15 printed in colours). By G. G. Andre, 
F.G.S., Assoc. Inst. C.£. 4to, doth, gs. 

Contents : 

The Drawing Office and its Fumishings^-Geometrical Problems — ^Llnes, Dots, and their 
Combinations—Colours, Shading, Lettering, Bordering, and North Points — Scales — Plotting 
— Civil Engineers' and Surveyors' Plans — Map Drawing — Mechanical and Architectural 
Drawing— Copying and Reducing Trigonometrical Formnlaej etc., etc. 

The Boiler-maker s andiron Ship-builders Companion, 

comprising a series of original and carefully calculated tables, of the 
utmost utility to persons interested in the iron trades. By James Foden, 
author of ' Mechanical Tables,' etc. Second edition revised, vnth illustra- 
tions, crown 8vo, cloth, 5x. 

Rock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G. Andri^, 
F.G.S., Assoc. Inst. C.E. With 56 illustrations and 12 plates, 8vo, cloth, 
\Qs. 6d. 

Surcharged and different Forms of Retaining Walls. 

By J. S. Tate. Illustrated, 8vo, sewed, 2s. 
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A Treatise on Ropemaking as practised in public and 

private ^ope-yards, with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, i2mo, cloth, 3J. 

Laxtofis Builders' and Contractors' Tables ; for the 

use of Engineers, Architects, Surveyors, Builders, Land Agents, and 
others. Bricklayer, containing 22 tables, with nearly 30,000 csdculations. 
4to, cloth, 5j. 

Laxtons Builders' and Contractors' Tables. Ex- 
cavator, Earth, Land, Water, and Gas, containing 53 tables, with nearly 
24,000 calculations. 4to, cloth, 5j. 

Sanitary Engineering: a Guide to the Construction 

of Works of Sewerage and House Drainage, with Tables for facilitating 
the calculations of the Engineer. By Baldwin Latham, C.E., M. Inst. 
C.E., F.G.S., F.M.S., Past-President of the Society of Engineers. Second 
edition, with numerous plates and woodcuts ^ 8vo, cloth, i/. lor. 

Screw Cutting Tables for Engineers and Machinists, 

giving the values of the different trains of Wheels required to produce 
Screws of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R.A.S., 
etc. Royal 8vo, cloth, oblong, 2s, 

Screw Cutting Tables, for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer. 
Second edition, royal 8vo, oblong, cloth, u., or sewed, 6^. 

A Treatise on a Practical Method of Designing Slide- 

Vahe Gears by Simple Geometrical Construction^ based upon the principles 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide- Valve and Expansion Gearing 5 together with Stephenson's, 
Gooch's, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst. Mechanical Engineers. Crown 8vo, cloth, dr. 

Cleaning and Scouring : a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christopher, i8mo, sewed, 6d, 

A Handbook of House Sanitation ; for the use of all 

persons seeking a Healthy Home. A reprint of those portions of Mr. 
Bailey-Denton's Lectures on Sanitary Engineering, given before the 
School of Military Engineering, which related to the "Dwelling," 
enlarged and revised bv his Son, E. F. Bailey-Denton, C.E., B.A. 
With 140 illustrations, ovo, cloth, 8j. 6</. 
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Treatise on Valve-Gears, with special consideration 

of the Link-Motions of Locomotive Engines. By Dc GuSTAV Zeuner. 
Third edition, revised and enlarged, tra^lated from the German, with the 
special permission of the author, by MORITZ MttLLER. Plates, 8vo, 
doUi, 12/. 6d. 

A Pocket-Book for Boiler Makers and Steam UserSy 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public. By Maurice John Sexton. Second edition, royal 
32mo, roan, gilt edges, 5/. 

The Strains upon Bridge Girders and Roof Trusses, 

including the Warren, Lattice, Trellis, Bowstring, and' other Forms of 
Girders, the Curved Roof, and Simpde and Compound Trusses. By 
Thos. Cargill, C.E.B.A.T,, CD., Assoc. Inst. C.E., Member of the 
Societv of Engineers. With 64 illustrations, drawn and worked out to scale, 
8vo, cloth, I2J'. dd, 

A Practical Treatise on the Steam Engine, con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction. By 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4to, copiously illustrated 
with woodcuts and 96 plates, in one Volume, half-bound morocco, 2/, 2x. j 
or cheaper edition, cloth, 25^. 

This work is not, in any sense, an elementary treatise, or history of the steam engine, but 
is intended to describe examples of Fixed Steam Engines without entering into the wide 
domain of locomotive or marine practice. To this end illustrations wiU be given of the most 
recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable, Semi- 

S triable, Corliss, Allen, Compound, and other similar Engines, by the most eminent Firms in 
reat Britain and America. The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Pistons, Piston-rods, Connecting- 
rods, Cross-heads, Motion-blocks, Eccentrics, Simple, Expansion, Balanced, and Equilibrium 
Slide-valves, and Valve-gearing will be minutely dealt with. In thh connection will be found 
articles upon the Velocity of Reciprocating Parts and the Mode of Applying the Indicator, 
Heat and Expansion of Steam Governors, and the like. It is the wnter's desire to draw, 
illustrations from every possible source, and give only those rules that present practice deems 
correct. 

Barlow s Tables of Squares, Cubes, Square Roots ^ 

Cube Roots, Reciprocals of aU Integer Numbers up to 10,000. Post 8vo, 
cloth, ds, 

Camus (M.) Treatise on the Teeth of Wheels, demon- 
strating the best forms which caii be given to them for the purposes of 
Machinery, such as Mill-work and Clock-work, and the art of finding 
. their numbers. Translated from the French, with details of the present 
practice of Millwrights, Engine Makers, and other , Machinists,' by 
Isaac Hawkins. Third edition, w//;4 \% plates, 8vo, cloth, 5j. 
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A Practical Treatise on (he Science of Land and 

Engineering Surveyings Levelling^ Estimating Quantities, etc^ with a 
general description of the sever^ Instruments required for Surveying, 
Levelling, Plotting, etc. By H. S. Mkkjiett. Third edition, 41 plates 
with illustrations and tahles, royal 8vo, cloth, 12s, 6d. 

Principal Contents : 

Part I. Introduction and the Principles of Geometry. Part 3. Land Surveying; com^ 
Arising General Observations— The Chain— Offsets Surveying by the Chain otJy— Surveying 
Hilly Ground — ^To Survey an Estate or Parish by the Chain only — Surveying with the 
Theodolite— Mining and Town Surveying — Railroad Surveying — Mapping—Division and 
Laying out of Land— Observations on Enclosures — ^Plane Trigonometry. Part 3. Levelling—* 
Simple and Compound Levelling-^The Level Book— Parliamentary Plan and Section- 
Levelling with a- Theodolite — Gradients — Wooden Curves— To Lay out a Railway Curve — 
Setting out Widths. Part 4. Calculating Quantities generally for Estimates — Cuttings and 
Embankments — ^Tunnels — Brickwork — Ironwork— Timber Measuring. Part 5. Description 
and Use of Instruments in Surveying and Plotting^— The Improved Dumpy Level— Troughton's 
Level — The Prismatic Compass — Proportional Compass — Box Sextant— Vernier— Panta- 
graph — Merrett*s Improved Quadrant — Improved Computation Scale— The Diagonal Scale- 
Straight Edge and Sector. Part 6. Logarithms of Numbers — Logarithmic Sines and 
Co-Sines, Tangents and Co-Tangents— 'Natural Sines and Co-Sines— Tables for Earthwork, 
for Setting out Curves, and for various Calculations, etc, etc, etc. 

Saws: the History ^ Development^ Action^ Classifica^ 

tiony and Comparison of Saws of all kinds* By Robert Grimshaw. 
With 220 illustrations^ 4to, cloth, I2j. 6^/. 

A Supplement to the above; containing additional 

practical matter, more especially relating to the forms of Saw Teeth for 
special material and conditions, and to the behaviour of Saws under 
particular conditions. With 120 illustrations, cloth, 9^. 

A Guide for the Electric Testing of Telegraph Cables. 

By Capt. V. Hoskicer, Royal Danish Engineers. With illustrations, 
second edition, crown 8vo, cloth, 4r. dd. 

Laying and Repairing Electric Telegraph Cables, By 

Capt. V. Hoskicer,. Royal Danish Engineers. Crown ^vo, cloth, 
3^. dd, 

A Pocket- Book of Practical Rules for the Proportions 

of Modern Engines and Boilers for Land and Marine purposes. By N. P. 
Burgh. Seventh edition, royal 32mo, r()an, 4*. (>d. 

Table of Logarithms of the Natural Numbers^ from 

I to 108,000. By Charles Babbage, Esq., M.A. Stereotyped edition, 
royal 8vo, cloth, 7j. dd. 

To ensure the correctness of these Tables of Logarithms, they were compared with Callett's, 
Vega's, Hutton's, Briggs', Gardiner's, and Taylor s Tables of Logarithms, and carefully read 
by nine different readers ; and further, to remove any possibility of an error remaining, the 
stereotyped sheets were hung up in the Hall at Cambridge University, and a reward ofiered 
to anyone who could find an inaccuracy. So correct are these Tables, that since their first 
issue in 2827 no error has been discovered. 
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The Steam Enrine considered as a Heat Engine : a 

Treatise on the Tneory of the Steam Engine, illustrated by Diagrams, 
Tables, and Examples from Practice. Bj Jas. H. Cottertll, M.A., 
F.R.S., Professor of Applied Mechanics in the Royal Naval CoU^e. 
8to, cloth, I2s,6d. 

The Practice of Hcind Turning in Wood, Ivory y Shelly 

etc,, with Instructions for Turning such Work in Metal as may be required 
in the Practice of Turning in Wood, Ivory, etc ; also an Append on 
Ornamental Turning. (A book for beginners.) By Francis Campin. 
Second edition, with wood engravings^ crown 8vo, cloth, 6x. 

Contents : 

On Lathe*— Turning Tool*— Turning Wood— Drilling— Screw Cutting— Miscellaaeous 
AmMurmtus and Processes— 'Turning Particular Form*— Staining— Pofishing^Spinning Metals 
—Haterialt— Ornamental Turning, etc 

• Health and Comfort in House Building, or Ventila- 
tion with Warm Air by Self-Acting Suction Power^ with Review of the 
mode of Calculating the Draught in Ilot-Air Flues, and with some actual 
Experiments. By J. Drysdalb, M.D., and J. W. Hayward, M.D. 
Second edition, with Supplement, with plates, demy 8vo, cloth, *js, 6d. 

Treatise on Watchwork, Past and Present. By the 

Rev. H. L. Nelthropp, M.A., F.S.A. With 32 illustrations^ crown 
8vo, cloth, 6s, 6d, 

Contents : 

Definitions of Words and Terms used in Watchwork— Tools — Time^Historical Sum- 
mary—On Calculations of the Numbers for Wheels and Pinions ; their Proportional Sizes, 
Trams, etc.— Of Dial Wheels, or Motion Work — Length of Time of Going without Winding 
up — The Verge— The Horizontal — ^The Duplex — ^The Lever — The Chronometer — Repeating 
Watches— Keyless Watches— The Pendulum, or Spiral Spring — Compensation — ^Jewelling of 
Pivot Holes — Clerkenwell — Fallacies of the Trade — Incapacity of Workmen — How to Choose 
and Use a Watch, etc 

Sponi Engineers^ and Contractors Illustrated Book 

of Prices of Machines, Tools, Ironwork, and Contractors* Material; 
and Engineers^ Directory, Third edition, 4to, cloth, dr. 

Algebra Self-Taught. By W. P. Higgs, M.A., 

D.Sc, LL.D., Assoc. Inst C.E., Author of * A Handbook of the Differ- 
ential Calculus,' etc. Second edition, crown 8vo, cloth, 2s, 6d, 

Contents : 

Symbols and the Signs of Operation— The Equation and the Unknown Quantity— 

Positive and Negative Quantities— Multiplication— Involution — Eafponents — Negative flxpo- 

nents — Roots, and the Use of Exponents as Logarithms — Logarithms — ^Tables of Logarithms 

and Proportionate Parts — Transformation of System of Logarithms- Common Uses of 

Common Logarithms — Compound Multiplicat\oTi*knd the Binomial Theorem— DivisioB, 

Fractions, and Ratio — Continued Proportion— TVve Serves mA €i&fc ^AXisscasasMLQC t^e «*— ^~ 

Zlm/t o/Scrics— Square and Cube Roots— £qviatioik&—\As,x.ol'8atia>i\»,*\R. 
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JUST PUBLISHED. 

In super-royal 8vo^ zx68 pp., luith 3400 Ulustraiions, in 3 Divisions, cloth, price Z3f. 6d* 

each ; or 1 vol., cloth, s/. ; or half-morocco, a/. &r. 

A SUPPLEMENT 

TO , 

SPONS' DICTIONARY OF ENGINEERING, 

Edited by ERNEST SPON, Memb, Soc. Engineers. 

The success which has attended the publication of * Spons* Dictionary op 
Engineering * has encouraged the Publishers to use every effort tending to 
keep the work up to the standard of existing professional knowledge. As the 
Book has now been some years before the public without addition or revision, 
there are many subjects of importance which, of necessity, are either not 
included in its pages, or have been treated somewhat less fully than their 
present importance demands. With the object, therefore, of remedying these 
omissions, this Supplement is now being issued. Each subject in it is treated 
in a thoroughly comprehensive way ; but, of bourse, without repeating the. 
information already included in the body of the work. 
The new matter comprises articles upon 



Abacus, Counters, Speed 
Indicators, and Slide 
Rule. 

Agricultural Implements 
and Machinery. 

Air Compressors. 

Animal Charcoal Ma- 
chinery. 

Antimony, 

Axles and Axle-boxes. 

Barn Machinery. 

Belts and Belting. 

Blasting. Boilers. 

Brakes. 

Brick Machinery. 

Bridges. 

Cages for Mines. 

Calculus, Differential and 
Integral. 

Canals. 

Carpentry. 

Cast Iron. 

Cement, Concrete, 
Limes, and Mortar. 

Chimney Shafts. 

Coal Cleansing and 
Washing. 



Coal Mining. 

Coal Cutting Machines. 

Coke Ovens. Copper. 

Docks. Drainage. 

Dredging Machinery. 

Dynamo - Electric and 
Magneto-Electric Ma- 
chines. 

Dynamometers. 

Electrical Engineering, 
Telegraphy, Electric 
Lighting and its prac- 
ticaldetails,Telepnones 

Engines, Varieties of. 

Explosives. Fans. 

Founding, Moulding and 
the practical work of 
the Foundry. 

Gas, Manufacture of. 

Hammers, Steam and 
other Power. 

Heat. Horse Power. 

Hydraulics. 

Hydro-geology. 

Indicators. Iron. 

Lifts, Hoiits, and EA^^^v^- 
tors. 



Lighthouses, Buoys, and 
Beacons. 

Machine Tools. 

Materials of Construe* 
tion. 

Meters. 

Ores, Machinery and 
Processes employed to 
Dress. 

Piers. 

Pile Driving. 

Pneumatic Transmis- 
sion. 

Pumps. 

Pyrometers. 

Road Locomotives. 

Rock DriUs. 

Rolling Stock. 

Sanitary Engineering. 

Shafting. 

SteeL 

Steam Navvy. 

Stone Machinery. 

Tramways. 

WeU Sinking. 
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NO^V COMPLETE. 

JViiA nearly 1500 iilusirations, in super-royal 8vo, in 5 Divisions, cloth. 
Divisions I to 4, 1 3/. 6d, each ; DivisioR 5, l^s, 6^. ; or 2 vols., cloth, £1 los. 

SPONS' ENCYCLOPEDIA 
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INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 

• PRODUCTS. 

Edited by C. G. WARNFORD LOCK, F.L.S. 

Among the more important of the subjects treated of, are the 
following : — 



Acids, 207 pp. 220 figs. 
Alcohol, 23 pp. 16 figB. 
Alcoholic Liquors, 13 pp. 
Alkalies, S9 pp. 78 figs. 
Alloys. Alum. 

Atphalt Assaying. 
Beverages, 89 pp. 29 figs. 
Blacks. 

Bleaching Powder, 1$ pp. 
Bleaching, 5 1 pp. 48 figs. 
Candles, 18 pp. 9 figs. 
Carbon Bisulphide. 
Celluloid, 9 pp. 
Cements. Clay. 
Coal-tar Products, 44 pp. 

14 figs. 
Cocoa, 8 pp. 
Coffee, 32 pp. 13 figs. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

pp. 57 figs. 
Drugs, 38 pp. 
Dyeing and Calico 

Printing, 28 pp. 9 figs. 
Dyestuffs, 16 pp. 
Electro-Metallurgy, 13 

PP- . 
Explosives, 22 pp. 33 figs. 

Feathers. 

Fibrous Substances, 92 



pp. 70 figs. 
)r-clc 
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Floor-cloth, 16 pp. 

figs. 
Food Preservation, 8 pp. 
Fruit, 8 pp. 



Fur, 5 pp. 

Gas, Coal, 8 pp. 

Gems. 

Glass, 45 pp. 77 figs. 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manufactures. 

Hats, 26 pp. 26 figs. 

Honey. Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, 1 1 
pp., II figs. 

Knitted Fabrics — 
Hosiery, 1$ pp. 13 figs. 

Lace, 13 pp. 9 figs. 

Leather, 28 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 17 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint 

Paper, 26 pp. 23 figs. 

Paraffin, 8 pp. 6 figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 



Photography, 13 pp. 20 

figs. 
Pigments, 9 pp. 6 figs. 
Pottery, 46 pp. 57 figs. 
Printing and Engraving, 

20 pp. 8 figs. 
^Rags. 
^Resinous and Gummy 

Substances, 75 pp. 16 

figs. 
Rope, 16 pp. 17 figs. 
Salt, 31 pp. 23 figs. 
Silk, 8 pp. 
Silk Manufactures, 9 pp. 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 39 

pp. 45 figs. 
Spices, 16 pp. 
Sponge, 5 pp. 
Starch, 9 pp. 10 figs. 
Sugar, 155 pp. 134 

figs. 
Sulphur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, 5 pp. 
Wax, 5 pp. 
Wool, 2 pp. 
Woollen Manufactures, 

58 pp. 39 figs. 
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